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INTRODUCTION.

MOST of the observations collected and discussed in this volume were made with

the 28-inch refractor which was installed at the Royal Observatory by Sir William

Christie in 1893. In preparation for the erection of this telescope the 12-8 Merz

refractor had been dismounted from the great equatorial and installed in the south

grounds of the observatory on the Lassell equatorial in place of the Lassell 2-ft.

reflector. With this instrument Mr Lewis began a regular programme of double-

star observations. By 1893 October 1 the 28-inch equatorial was erected, but the

adjustment of the object-glass and the completion of the fittings at the eye end

was not completed till February of the following year. From that time the double-

star observations were made with the 28-inch refractor under the direction of Mr

Lewis, who drew up the programme of observations. For the first few years Mr
Lewis did nearly the whole of the observing himself, and he continued to observe

till 1911. He was joined in 1895 by Mr Bowyer, who took an increasing share of

the work and observed three nights a week from 1902 to 1914. Regular duties

were also taken by Mr Bryant from 1897 to 1903 and again from 1906 onwards,

and by Mr Furner from 1902. A considerable number of observations was made by
Professor Eddington and Professor Chapman, and a smaller number by other

observers. During the war the course of observations was largely interfered with

so far as regular members of the staff were concerned. The instrument was,

however, placed at the disposal of M. Jonckheere, director of the Lille Observatory,
and he completed a series of observations on which he was engaged. These are

not included in the present volume, but are published in the Memoirs of the Royal
Astronomical Society, vol. Ixi., and in the Astronomical Journal, vol. xxxi. After

the war, the telescope was used for a few months in 1919, but was then dismantled

for extensive repairs to the mounting.

The Merz refractor was used in 1893 only. It has an aperture of 12-8 inches

and a focal length of 17 ft. 10 in. The value of one revolution of the screw was

adopted as 19"-35 from transits of fast-moving stars. The eyepieces provided had

powers of 285 and 412, but on nearly all occasions the larger power was used. With

this instrument Mr Lewis observed about 120 stars mostly on two or three nights.

A few observations were also made by Professor Turner. The telescope is now
used as the guiding telescope of the 26-inch photographic refractor.

Wt. 22843/46/379 600 7/21. N. & Co., Ltd. Gp. XV.

468627



iv CATALOGUE OF DOUBLE STARS.

The 28-inch refractor is carried in the mounting originally designed for the

Merz refractor. This mounting, together with the clock-work, is fully described in

the Greenwich volume for 1868. The form of the instrument is that known as the
"
English equatorial." The polar axis consists of a steel framework turning on

pivots at its extreme ends. This framework carries the bearings for the declina-

tion axis so that the telescope swings within the framework. The clock-work is

driven by a turbine supplied by water from a cistern, and is controlled by a conical

pendulum.

The 28-inch object-glass was made by Sir Howard Grubb from discs supplied by
Messrs Chance of Birmingham. It is of a special form proposed by Sir George
Stokes to Sir William Christie as suitable for both visual and photographic work

by reversal of the crown lens and change in the separation. When the lenses are

in position for visual observations, the radii of curvature of the surfaces beginning
at the outside are 146 in. (convex), 134 in. (convex), 138 in. (concave), and 1000 in.

(convex), and the separation of the lenses is 0-4 in. at the edges. This combination

gives a minimum focal length of 27 ft. 10 in. for A=5500 A. For use as a photo-

graphic refractor the crown lens is reversed and the separation increased by 3-5 in.

The focal length is thereby shortened by 23 in.

To provide accommodation for the larger telescope Sir William Christie designed
a new dome. A description of this is given in the Monthly Notices, vol. li. p. 436.

The diameter is 3jft. at a height of 7 ft. above the rail, and contracts to 31 ft. at

the base. The shutter opening is 7 ft. wide and extends from the zenith down to

the horizon on both sides.

The positions in which the telescope can be used are limited by the framework

of the polar axis and also by the fact that near the zenith the eyepiece does not

clear the floor. The following short table shows the highest declination that can

be reached at different hour angles :

Hour Angle.



INTRODUCTION . v

For observations of position angle the position circle is moved by hand, although

a slow motion is provided. The circle is graduated in half degrees and is read to

the nearest minute by a vernier. The wires for measuring the separation are

moved independently by two micrometers. As the readings of both micrometers

increase as the wire is moved towards the screw head, the separation is the difference

of the sum of the readings of the micrometers when each wire bisects a star and

when the two wires are placed together. The observations of double the separation

are actually made by bisecting the star images by the wires, the wires first bisecting

the star nearer the screw head and then the star farther away. The difference of

the sums of the readings of the two micrometers thus gives the double separation

in terms of the common screw value.

The value of one revolution of the screw was determined as 12"-06 from observa-

tions of transits of the stars 2 Ursae Minoris, Bradley 402, and Piazzi II. 60, by
Mr Dyson and Mr Lewis on 1894 Dec. 27.

The erection and adjustment of the telescope was completed in 1893. During
the first half of 1894 it was thoroughly tested with the crown lens in the position

for photographic observation. The telescope was thereafter used as a visual

telescope. After various improvements in the accessories of the instrument it was

brought into use for regular double-star observation in 1894 September.

Mr Lewis remained in charge of the 28-inch refractor till his retirement in 1917.

For the first few years he did most of the observing, and he continued to observe

till 1911. The other assistants who did most observing were Mr Bryant (1897-1903,

1906-1919) and Mr Bowyer (1895-1914). Mr Turner observed one night a week

from 1902. From 1902 to 1914 Mr Bowyer observed three nights a week. A con-

siderable number of observations were also made by Professor Eddington and

Professor Chapman when at Greenwich, and by various other members of the staff.

During the war observations with the 28-inch refractor were practically sus-

pended so far as regular members of the staff were concerned. A large number

of observations were made by M. R. Jonckheere, director of the Observatory of

the University of Lille during the years 1914-1918. These observations have not

been included in this volume, but many of them have been published in Memoirs

of the Royal Astronomical Society, vol. Ixi., and in the Astronomical Journal.

The telescope was again used by regular members of the staff for a few months

in 1919. It was then found that the bearings for the upper pivots were badly
worn and required to be replaced. The instrument was therefore dismantled.
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This catalogue contains all the observations of double stars made with this

instrument up till 1919 August, except those made by M. Jonckheere.

The observing programme originally consisted of double stars selected from

the Dorpat and Pulkowa catalogues and from the various catalogues of Burnham.

As new lists of double stars were published, those which appeared to be interesting

were added to the programme. In order to make Mr Lewis's work on the Struve

double stars as complete as possible an attempt was made to obtain measures of

those Struve stars which had not been recently observed.

The separate observations for the years 1893 to 1909 were published in the

Greenwich annual volumes. In 1910 this practice was discontinued and the separate

observations for the years 1910-1919 are given in the present volume. The collected

results for the years 1893 to 1919 form the main part of this volume. In taking the

means of the position angles no correction for personality was applied to any of the

observers, but small corrections as given below were applied to the measures of

distance by a few of the observers.

As Mr Bowyer had observed regularly from 1895 to 19.14 his measures were

taken as standard, and a comparison of the distance-measures of different observers

made for those stars for which the relative motion was small. The stars were

divided into classes according to the separation as measured by Mr Bowyer,

0"-0-0"-5, 0"-5-l"-0, l"-2", and greater than 2". The results are given below where

the numbers in brackets indicate the number of measures compared :
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Ascension and Declination for 1925. The magnitudes, taken from Burnham's

Catalogue, are given in the next column. The observations are then given. The

epoch is in general only given to tenths of a year, but in cases of rapid motion the

epoch is given to hundredths of a year. Only in rare cases have observations

made ten years apart been combined. In general, the groups do not extend over

six years. The three final columns give the observations recorded in Part I. of

Burnham's Catalogue. It is therefore possible to see at a glance if there has been

any relative motion of the components since the earliest observations. This

catalogue can be conveniently used along with the second part of Burnham's

Catalogue without reference to the first part. An asterisk * before the Burnham
number indicates that a note on the relative motion is given later in this volume.

All the double stars of this" catalogue were examined for the determination of

the relative motion of the components, and when the motion seemed certain a note

is given. The notes give the following information when available : Burnham
number ; common double-star name ; Mayer letter or Flamsteed number with

constellation ; spectral type according to the Harvard classification ; proper
motion from Boss, Porter, Greenwich 1910 Catalogue, or Bossert ; note on motion ;

hypothetical parallax ; absolute trigonometrical parallax (number of determina-

tions in brackets) ; spectroscopic parallax from list of 1646 spectroscopic parallaxes

by Messrs Adams, Joy, Stromberg, and Miss Burwell. Thanks are due to Professor

Bailey and Miss Cannon for kindly supplying advance proofs of the Henry Draper

Catalogue of Stellar Spectra to 15 hours of R.A. and manuscript copies of the

spectral types and magnitudes for stars after 15 hours of R.A.

The relation between the parallax p, the semi-major axis a, the period P (in

years), and the mass m^-{-m z (in terms of the Sun's mass) of a binary system is

given by

where p and a are both measured in seconds of arc. When the elements of an orbit

are known, this equation involves only the mass and parallax of the system. In

systems for which a reliable parallax is available it is found that the mass does not

vary through any great range and that the average mass is about twice that of

the Sun. The above equation written in the form

a
P=y^^>

then serves to determine the parallax for an assumed value of (m-^+m^. The

parallax obtained by assuming the value of m^m^ is called the
"
hypothetical

"

or
"
dynamical

"
parallax. Although the mass appears to vary somewhat with
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spectral type, in this volume the hypothetical parallaxes have been made on the

uniform assumption that m1+ma=2.

For systems in which the relative motion has as yet been too small for the

determination of orbit elements, it is possible to form an estimate of the parallax.

If p, 6 be the separation and position angle at time t, then the equation of

motion for the projected radius sector is

p (d6\
z

^_4ir*p*(mi+m.t )
sin3 i

where -n- is the ratio of the circumference to the diameter of a circle and i is the

angle between the actual radius vector and the line of sight. This equation can be

written in the form

_ p cosec i

^/47r
2
(m1+w

This equation is very similar to (1) above. The value of the term in square brackets

can be derived from the observations if the observed arc is considerable ; a mean

value of (m 1+m2 ) has to be assumed as in (1), while a simple statistical discussion

shows that for a large number of systems the mean value of cosec i will be ~ or 1-57.

The value of this factor cannot be less than 1, and it will exceed twice the mean

value only for 1 star in 20. The hypothetical parallax as determined by (2) is

deduced in the Monthly Notices, R.A.S., vol. Ixxxi. p. 6, in the following form suitable

for numerical calculation :

P=-

where pv 6
1 ; pz, 2 ; /c>3 , 3 refer to times t -%t, t , t -}-%t, and t is reckoned in years,

6 in degrees, and p in seconds of arc. In cases where the observations are not

sufficient to show a change in p the second term has been omitted. The value of p
so deduced is denoted by p l

in the notes, while that obtained from the complete

formula is denoted by pz .

Russell and Hertzsprung have employed a different formula for the determina-

tion of hypothetical parallaxes. From the energy equation for elliptic motion it

can be shown that p=a ljpv
z
, where p is the separation of the components, v the

annual relative motion in seconds of arc, and a depends on (mj-j-mg) and certain

unknown angles and elements. It is possible to give a statistical mean value for a

from which the actual value will differ by a considerable amount in only a small

proportion of cases. We assume

7>3=-397 i/V2

as this factor makes p^=pi for a circular orbit.
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For convenience of reference a list of hypothetical parallaxes is given im-

mediately following this introduction. The first table is for double stars for which

orbit elements have been computed, and the second table for those for which arcs

only are available. Table I. is as complete as possible, and no stars have been re-

jected because the orbit has been computed from insufficient data, as the elements

in all cases fit the observed arc, and this is sufficient for the purpose. Table II.

contains only stars discussed in connection with this catalogue. The tables give

(1) number in Burnham's Catalogue ; (2) spectral type ; (3) apparent magnitude,
derived from the Harvard volumes and in a few cases from the B.D., reduced to the

Harvard Scale by the tables in vol. 72 of the Harvard Annals ; (4) the absolute

magnitude deduced from the apparent magnitude and the hypothetical parallax

by means of the formula M=m+5+5 log p ; (5) hypothetical parallax ; (6)

spectroscopic parallax from list of 1646 determinations made at Mount Wilson ;

(7) absolute trigonometric parallax ; (8) number of determinations of trigonometric

parallax from which the mean in (7) is derived.

In the Monthly Notices of the Royal Astronomical Society for November 1920,

Messrs Jackson and Furner have given a discussion of the hypothetical parallaxes

of 556 double stars calculated in the course of this work. The present catalogue

gives results for 10 additional stars, 2 with orbit elements and 8 with arcs only.

The following table gives a comparison of the hypothetical and absolute trigono-

metric parallaxes as given in that paper :
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TABLE I. Hypothetical Parallaxes of Double Stars.

(Stars whose Orbits have been completely determined.)

0.G.C.
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TABLE I. Hypothetical Parallaxes of Double Stars.

(Stars whose Orbits have been completely determined) continued.

p.G.C.
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TABLE II. Hypothetical Parallaxes of Double Stars.

(Stars of which only a small part of the Orbit has been observed.)

/3.G.C.
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TABLE II. Hypothetical Parallaxes of Double Stars.

(Stars of which only a small part of the Orbit has been observed) continued.

p.G.C.
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TABLE II. Hypothetical Parallaxes of Double Stars.

(Stars of which only a small part of the Orbit has been observed) continued.

xv

jS.G.C.
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TABLE II. Hypothetical Parallaxes of Double Star*.

(Stars of which only a small part of the Orbit has been observed) continued.

/J.G.C.
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TABLE II. Hypothetical Parallaxes of Double Stars.

(Stars of which only a small part of the Orbit has been observed) continued.

p.G.C.
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GREENWICH DOUBLE STAR OBSERVATIONS,

1910-1919.

BEFORE 1910 the observations made with the 28-inch refractor were published in the annual Greenwich

volumes. The present catalogue gives the separate observations made during the years 1910-1919

by the regular members of the Greenwich staff. Comparatively few observations were made after 1914.

During the years 1914-1918 a large number of observations were made by M. Robert Jonckheere,

Director of the Observatory of the University of Lille. These observations are not given in the present

catalogue, but many of them have been published in the Astronomical Journal and in vol. Ixi. of the

Memoirs of the Royal Astronomical Society.

The initials given in the column headed
"
Obs." are those of the observer,

as the period during which the observations were made are :

SE Mr Eddington

SC Mr Chapman
HJ Mr Jones

JJ Mr Jackson

L ..... Mr Lewis ......
B Mr Bryant

WB ..... Mr Bowyer ......
HF Mr Furner

Most of the observations were made with a power of 670.

The full names as well

1910-1913.

1910-1914.

1913-1915.

1919.

1910-1911.

1910-1919.

1910-1915.

1910-1919.

The stars are given in order of right ascension, and it has been considered necessary to give only the

common double star name. The number in Burnham's General Catalogue, the position for 1925, and the

magnitudes of the components can easily be found by reference to the catalogue given later in this volume.
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Date.



O h 50" OBSERVATIONS OF DOUBLE STARS,

Date.



l h 42" MADE AT THE ROYAL OBSERVATORY, GREENWICH, 1910-1919.

Date.



2" 16" OBSERVATIONS OF DOUBLE STARS,

Date.



2" 54" MADE AT THE ROYAL OBSERVATORY, GREENWICH, 1910-1919.

Date.



8 3h 32"1 OBSERVATIONS OF DOUBLE STARS,

Date.



4" 18" MADE AT THE ROYAL OBSERVATORY, GREENWICH, 1910-1919.

Date.



10 4h 55" OBSERVATIONS OF DOUBLE STARS,

Date.



5 h 29" MADE AT THE ROYAL OBSERVATORY, GREENWICH, 1910-1919. 11

Date.



12 5" 51" OBSERVATIONS OF DOUBLE STARS,

Date.



6" 29' MADE AT THE ROYAL OBSERVATORY, GREENWICH, 1910-1919. 13

Date.



14 6h 54m OBSERVATIONS OF DOUBLE STABS,

Date.



7 h 33" MADE AT THE ROYAL OBSERVATORY, GREENWICH, 1910-1919. 15

Date.



16 OBSERVATIONS OF DOUBLE STABS,

Date.



8h 22" MADE AT THE ROYAL OBSERVATORY, GREENWICH, 1910-1919. 17

Date.



18 8" 49" OBSERVATIONS OF DOUBLE STARS,

Date.



9h 24" MADE AT THE ROYAL OBSERVATORY, GREENWICH, 1910-1919. 19

Date.



20 10h 22"' OBSERVATIONS OF DOUBLE STARS,

Date.



10 h 58" MADE AT THE ROYAL OBSERVATORY, GREENWICH, 1910-1919. 21

Date.



22 34 OBSEKVATIONS OF DOUBLE STARS,

Date.



12" 20' MADE AT THE ROYAL OBSERVATORY, GREENWICH, 1910-1919. 23

Date.



24 12 55 11 OBSERVATIONS OF DOUBLE STABS,

Date.



13" 24"' MADE AT THE ROYAL OBSERVATORY, GREENWICH, 1910-1919. 25

Date.



26 13h 53m OBSERVATIONS OF DOUBLE STARS.

Date.



14" 17m MADE AT THE ROYAL OBSERVATORY, GREENWICH, 1910-1919. 27

Date.



28 14h 42m OBSERVATIONS OF DOUBLE STARS,

Date.



15h MADE AT THE ROYAL OBSERVATORY, GREENWICH, 1910-1919. 29

Date.



30 15" 28" OBSERVATIONS OF DOUBLE STABS,

Date.



16h 0" MADE AT THE ROYAL OBSERVATORY, GREENWICH, 1910-1919. 31

Date.



32 16h 25m OBSERVATIONS OF DOUBLE STARS,

Date.



16" 41' MADE AT THE ROYAL OBSERVATORY, GREENWICH, 1910-1919. 33

Date.



34 17 h 8" OBSEEVATIONS OF DOUBLE STAKS,

Date.



17 h 26" MADE AT THE ROYAL OBSERVATORY, GREENWICH, 1910-1919. 35

Date.



36 17h 48" OBSERVATIONS OF DOUBLE STARS,

Date.



18" 1" MADE AT THE ROYAL OBSERVATORY, GREENWICH, 1910-1919. 37

Date.



38 18h 12 OBSERVATIONS OF DOUBLE STARS,

Date.



18" 33" MADE AT THE ROYAL OBSERVATORY, GREENWICH, 1910-1919. 39

Date.



40 19 h ln OBSERVATIONS OF DOUBLE STABS,

Date.



19h 21" MADE AT THE EOYAL OBSERVATORY, GREENWICH, 1910-1919. 41

Date.



42 19h 37m OBSERVATIONS OF DOUBLE STARS,

Date.



19" 58" MADE AT THE ROYAL OBSERVATORY, GREENWICH, 1910-1919. 43

Date.



44 20" 29' OBSERVATIONS OF DOUBLE STARS,

Date.



20" 49" MADE AT THE ROYAL OBSERVATORY, GREENWICH, 1910-1919. 45

Date.



46 17" OBSERVATIONS OF DOUBLE STARS,

Date.



h 42" MADE AT THE ROYAL OBSERVATORY, GREENWICH, 1910-1919.

Date.



48 35" OBSERVATIONS OF DOUBLE STARS,

Date.
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THE observations from 1894 onwards were all made with the 28-inch refractor. During 1893 a compara-

tively small number of observations were made, all except three with the I2f-inch Merz refractor. The

eyepiece generally employed was VI., which gave a power of 670. Although more than a dozen observers

actually assisted in the work, the great bulk of the observations were made by Mr T. Lewis (1893-1911),

Mr W. W. Bryant (1897-1903 and 1906-1919), Mr W. Bowyer (1895-1914), and Mr H. H. Furner (1902-

1919).

No correction for personality was applied to the position angle. The distance measures of Mr Lewis,

Mr Bryant and Mr Bowyer were found to be sensibly equal. Small corrections to the measures of distance

made by other observers were applied. These are given in the introduction. In forming the means for

this catalogue, observations by different observers were given equal weight. Only in rare cases have

observations made ten years apart been combined. In general, the groups do not extend over six years.

The separate observations made up to 1909, inclusive, have been published in the annual volumes.

Later observations are given in an earlier part of this volume. Observations made by Mr R. Jonckheere,

Director of the Observatory of the University of Lille, during the period 1914-1918 have not been included

in the means. In a few cases his measures are given for comparison, and then a footnote is given

indicating the source of the observations.

The first column gives the number of the star in Burnham's General Catalogue of Double Stars, and the

second column gives the common name. The third and fourth columns give the Right Ascension and

Declination for 1925-0. The magnitudes, taken from Burnham's Catalogue, are given in the next column.

The observations are then given. The epoch of the observations is in general given to a tenth of a year

only, but in cases of rapid motion the epoch is given to hundredths of a year. The column headed " n "

gives the number of nights on which the observations were made. The three final columns give the

observations recorded in Part I. of Burnham's General Catalogue, and are added for convenience.

An asterisk * before the Burnham number indicates that a note on the relative motion of the com-

ponents is given later in this volume.
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/S.G.C.
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/3.G.C.



MADE AT THE ROYAL OBSERVATORY, GREENWICH, 1893-1919. 53

p.G.C.
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/J.G.C.



MADE AT THE ROYAL OBSERVATORY, GREENWICH, 1893-1919. 55

/3.G.C.



56 CATALOGUE OF DOUBLE STARS,

/S.G.C.



MADE AT THE ROYAL OBSERVATORY, GREENWICH, 1893-1919. 57

/3.G.C.



58 CATALOGUE OF DOUBLE STABS,

/3.G.C.



MADE AT THE ROYAL OBSERVATORY, GREENWICH, 1893-1919. 59

0.G.C.



60 CATALOGUE OF DOUBLE STARS,

0.G.C.



MADE AT THE ROYAL OBSERVATORY, GREENWICH, 1893-1919. 61

0.G.C.



62 CATALOGUE OF DOUBLE STARS,

/3.G.C.



MADE AT THE ROYAL OBSERVATORY, GREENWICH, 1893-1919. 63

0.G.C.



64 CATALOGUE OF DOUBLE STABS,

/3.G.C.



MADE AT THE ROYAL OBSERVATORY, GREENWICH, 1893-1919. 65

/S.G.C.



66 CATALOGUE OF DOUBLE STARS,

0.G.C.



MADE AT THE ROYAL OBSERVATORY, GREENWICH, 1893-1919. 67

(S.G.C.



68 CATALOGUE OF DOUBLE STARS,

/3.G.C.



MADE AT THE ROYAL OBSERVATORY, GREENWICH, 1893-1919. 69

/J.G.C.



70 CATALOGUE OF DOUBLE STARS,

P-G.C,



MADE AT THE ROYAL OBSERVATORY, GREENWICH, 1893-1919. 71

/3.G.C.



72 CATALOGUE OF DOUBLE STARS,

/J.G.C.



MADE AT THE ROYAL OBSERVATORY, GREENWICH, 1893-1919. 73

0.G.C.



74 CATALOGUE OF DOUBLE STARS,

/f.G.C.



MADE AT THE ROYAL OBSERVATORY, GREENWICH, 1893-1919. 75

P.G.Q.



76 CATALOGUE OF DOUBLE STARS,

0.G.C.



MADE AT THE ROYAL OBSERVATORY, GREENWICH, 1893-1919. 77

/3.G.C.



78 CATALOGUE OF DOUBLE STARS,

0.G.C.



MADE AT THE ROYAL OBSERVATORY, GREENWICH, 1893-1919. 79

/J.G.C.
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/3.G.C.



MADE AT THE EOYAL OBSERVATORY, GREENWICH, 1893-1919. 81

/9.G.C.



82 CATALOGUE OF DOUBLE STARS,

/3.G.C.



MADE AT THE ROYAL OBSERVATORY, GREENWICH, 1893-1919. 83
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NOTES
ON

D U B L E STARS
SHOWINO

RELATIVE MOTION



EACH of the stars in the preceding Catalogue has been examined for relative motion of

the components. In all cases where relative motion is indicated with certainty a note

is given, except for a very few well-known pairs, such as Procyon, and a few optical

pairs which have previously been described as such. In these cases it did not appear
desirable to make a new investigation. For some recently discovered pairs there is

a considerable difference between the observations given in the present Catalogue
and the discovery observations. However, as these are mostly difficult pairs, it is

necessary to get observations at a third epoch to confirm the change, and for them no

note is given. It should be easy to decide from the Catalogue itself and these notes

which pairs are requiring observation at the present time.

The notes are based on the observations given in Burnham's General Catalogue,

Lewis's Memoir on the Struve Double Stars, the present Catalogue, and observations

recently published in various astronomical journals and observatory publications.

A considerable number of pairs previously described as
"
fixed

"
have been found

to be in slow relative motion. When motion was suspected the observed angles,

and sometimes also the distances, were plotted against the time. It is believed that

the motion given is real for nearly all stars.

The notes give the number in Burnham's General Catalogue, the common double

star name, and, for the brighter stars, the Beyer letter or Flamsteed number with

constellation, the Harvard Spectral Type, and the proper motion given in Boss's

Preliminary General Catalogue, in the Publications of the Cincinnati Observatory

(Porter), or the Greenwich Catalogues. These are followed by notes on the motion.

The hypothetical parallaxes, p it pz , p3 , have been computed by means of the formulae

360

where /> 15
Q

l ; p 2 ,
6 2 5 Ps> &3 are the observed separations (in seconds of arc) and

position angles (in degrees) at three equidistant epochs, t \t, t , t -\-^t (t counted in

years), v is the annual relative motion in seconds of arc, and -n is the ratio of the

circumference to the diameter of a circle. For the calculation of p2 complete observa-

tions at three epochs are required ; observations at two epochs are sufficient for the

calculation of p3 ; while p can be computed from a mean separation and observed

change in angle only. The coefficients are so arranged that p\=^Pz=Pz f r a circular

orbit.

Where the hypothetical parallax is given for a binary with orbit elements, it is

calculated on the assumption that the system has twice the mass of the sun. For

the trigonometrical parallaxes only the best determinations have been used. The

number in brackets gives the number of determinations used. The spectroscopic

parallaxes are taken from The Parallaxes of 1646 Stars derived by the Spectroscopic

Method by W. S. Adams, A. H. Joy, G. S. Stromberg, and Cora G. Burwell.



NOTE S.

1 2,731 . S3056. From the measures of the

star C, Burnham deduces the proper motion of AB
as o"-O36 in zot,-j. In the AB system the position

angle has decreased io-3 in 80 years at a mean
separation of o"-58. p l

= "-oo\.

1 2,732. [3862. There has probably been con-

siderable relative motion in this pair, but the

observations are discordant.

12,740. OS547. Spec. Kz. P.M. +08-0803,
o"-i29 (Porter). There has been a relative motion

of 3o-7 in 40 years at 4"'4-f. This is large for so

faint a pair, but the large common proper motion
and the late spectral type indicate that it is really
orbital motion. ^= "-098. Abs. Trig. Par. "-102 (4).

Spec. Par. "-096.

12,750. 3060. Spec. Ko. P.M.-o-oo93)
o"-i66 (Porter). The position angle has increased

io-5 in 80 years at 3"-6i. ^= "-025.

12,755. S3062. Spec. G,. P.M. +08-0329,
+o"-o38 (Boss). This is a well-known binary with
a period of 105 years, so that considerably more than
a revolution has been described since the observations
of Herschel in 1782. The following is a comparison
of the Greenwich observations with Lohse's orbit

(Publ. Aslrophy. Obs. Potsdam, xx. 76) :

Observed. Obs. Comp.

1895-11

1899-75

331-2

340-9

12-7

1-58

i-45
1-68

-0-9
+-o6

1 1

+11

The hypothetical parallax is "-051. Abs. Trig. Par.

"036 (i). Spec. Par. "-060 for brighter (4) star
and "-036 for fainter (Gj) star.

7O. OS2. Spec. Fj. P.M.-os-ooo3, -o"-o36
(Greenwich, 1910). The measured distances of the
best modern observers give an average of o"-64.
The early measures are somewhat larger than this,

yet if the corrected position angles of OS are used
the angular motion between 1843 and 1873 was
double that between 1882 and 1912. It is probable
that no correction should be applied to OS's angles,
and that the separation about 1850 was just a little

less than it is now. Thd position angles obtained
from the observations may be represented by 53- 3

in 1848, 42-2 in 1880, and 34-o in 1912. To get
constant rate of description of area, we must take
the corresponding distances as o"-5i, o"-6o, and
o"-68. Perhaps the observations are best repre-
sented by uniform motion of 19- 3 in 64 years
at o"-64- = "-ooS.

26O. OS12. A Cassiopeia}. Spec. B8. P.M.

+08-0052, o"-oi2 (Boss). The early observations
are rather uncertain. The following position angles
represent the observations as well as possible, and

the distances have been supplied to suit the angular
motion :

1846

1879

1912

I2I-8

141-2

'54'7

0-42

0-50
0-60.

Assuming uniform angular motion of 32'9 in 66

years at o"-5o, jBj
= "-oo8.

314. Ho. 212. i3Ceti. Spec. Go. P.M.+os-o272,
o"-oi8 (Boss). The faint star C which forms

(3490 with the bright pair is only an optical member
of the system. The Greenwich observations are

compared below with Aitken's orbit (Publ. Lick.

Obs., xii. 5). The period is only 6-88 years.

1906-88

1907-83

1908-90

1913-94

Observed.

244-4 0-24

245-0 0-31

265-0 0-25

241-4 O-22

Obs. Comp.

-16-3

-II-2
-

7-4

-04
+ 01

-03
-07

The hypothetical parallax is "-053.

"052 (3). Spec. Par. "-042.

Abs. Trig. Par.

322. S42. Spec. F8. P.M.+os-oi3o, o"-423
(Greenwich, 1910). The angle has decreased 7-2
in 75 years at 5"-6o. ^ = "-031. Abs. Trig. Par.

"027 (i).

374. OS18. Spec. F8. Hussey's orbit (Publ.

Lick. Obs., v. 37) is based on an arc of only 44.
The following is a comparison of this orbit with the
Greenwich observations :

Observed. n. Obs. Comp.

1901-8

1910-9

128-4

147-6 1-29 0-6
-09

+-25

The observations of this pair may be summarised
as follows :

1846
1868

1890

1912

90-8

107-3

125-3

149-7

1-44

1-42

1-29
i -08

These figures give the following values of the

hypothetical parallax :

1846-1890

"1868-1912

Pi

"032
33

040
037

031

034

The hypothetical parallax derived from Hussey's
elements is "-024.

426. S60.
j] Cassiopeia. Spec. F8. P.M.

+08-1390, o"-522 (Boss). There are many orbits

for this binary. Lohse's orbit (Publ. Aslrophy.



160 NOTES ON DOUBLE STARS SHOWING RELATIVE MOTION.

06*. Potsdam, xx. 79) is used in the following

comparison :

Observed.

1898-56

1902-45

1911-82

1914-85

217-2

225-0

5-12

5-52

243-0 6-52

252-2 6-56

Obs. Comp.
o *

+ 3-1 12

+0-7 --02
-1-6 +-ii
+ 2-2 -l6

The hypothetical parallax derived from three recent

orbits is "-168 (Doberck), "-178 (Lewis), and "-163

(Lohse). Abs. Trig. Par. "-186 (5). Spec. Par.

"132 for the brighter (F8) star and "-151 for the

fainter (K5) star.

431 . [5495. Spec. Go. There is a rather un-

certain decrease in the position angle of 12 in 40

years at o"-63. pl
= "-

44O. [3232. Spec. F5- The angle has increased

The separation being only o"-37,45 in 20 years.

From these we deduce

456. 267. There has been a uniform decrease

in the angle of 13-! in 81-4 years at a mean separa-

tion of i"-75- /)1
=

479. 0220. 66 Piscium. Spec. Ao. P.M.

-fo s-ooi6, o"-oi3 (Boss). There is an orbit of

this binary by Glasenapp, but it does not satisfy

recent observations, the true motion being much
slower than the computed. The following positions

have been deduced from all the data available, but

the early observations are rather uncertain :

I847-33

1850
1860

1870
1880

1890

1900

1910

1915

73-3

70-7

59-6

40-1

n-5
344-4

324'4

309-9

303-8

0-66

0-62

0-51

0-40

0-37

0-41

0-48

0-54

0-57

The following values of the hypothetical, parallax

have been computed, but p2 is poorly determined

on account of uncertainty in the variation of the

distance :

Pi Pt Pa

1850-1870
1870-1890

1890-1910

018

019
018

014
OIO

019

021

O2O

019

These give a mean of "-018. The hypothetical

parallax from Glasenapp's elements is "-014.

482. 273. 36 Andromedae. Spec. Ko. P.M.

-|-o
s-oioo, o"-o33 (Boss). A new orbit has been

computed and is given later in this volume. The

hypothetical parallax is "-031.

489 [31099. Spec. 69. P.M. +o s
-oo52, o"-ooo

(Boss). The following positions show the motion

from 1890 to 1910 :

1890

1895

1900

1905

1910

271-8

293-9

3I3-8

328-3

338-3

0-185

0-190

0-215
0-260

0-305

1890-

1900-

1900

1910

Pi

"013
OI2

Pi

'008

012

Pi

014
015

The adopted value is "-012.

5O8. [3302. Spec. Ao. The position angle has

increased from 93-o to IO9'4 in the 30 years to

1910. The mean separation is o"-64_ p 1
= "-on.

6OO. 01515. < Andromedae. Spec. B8. P.M.

-f08-0007, o"-oo7 (Boss). The early measures of

distance are too large for the angular motion. The

following are adjusted to give constant rato of

description of area :

1852

1867
1882

1897

1912

309-7

292-7
268-2

240-0

211-5

0-36

0-29

0-25

0-245

0-25

It is probable that the position of minimum separa-
tion has been passed. From the above figures we
deduce values of the hypothetical parallax as

follows :

Pi Pi Pa

oio
oio

1852-1882 -009 -006

1882-1912 -oio -ooq

The adopted value is "-009. Abs. Trig. Par.

'008 (i).

614. [3235. Spec.F5- The observations show

a relative motion in the close pair of 18 in the 25

years to 1901. There are no recent observations.

With a mean separation of o"-76, p 1
= "-oif>.

714. (34. Spec. Fo. The R.A. of this star

for 1925 should be i
h

i7
m 2i s

. There appears to

have been a decrease in the position angle of about

13 in 30 years at o"'4O. p1
="-oo6.

7O7. 2113. 42Ceti. Spec.Fs. P.M.-fo*-ooo5,

o"-oo9 (Boss). The position angle has increased

25 in 78 years to 1911. The mean separation is

83O. 2138. Spec. F8. The angle has increased

uniformly 2i-i in 81 years. With a separation of

887. (38*70. Spec. Az. There has been a de-

crease in the position angle of i6-5 in 20 years at

9OO. (3509. Spec. Ko. The position angle has

decreased 24-o in 30 years at o"-74- p 1 ="-oij.

898. 2149. Spec. FS. Decrease in angle of

2i-S in 75 years at i"-33- Pi=- l S-

926. 2158. Spec. F8. There has been an in-

crease of io-o in the angle in 75 years at z'-oj.

^="014-
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946. [3510. Spec. F2. The observations are
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ing positions show the nature of the motion, but
the data are rather unreliable :

1830

1850

1870
1880

1890

1900

1910

1915

These give the hypothetical parallax as follows

Pi Pi Pn

165-5
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1594. 2360. Spec. Go. The motion is
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The best determinations of r
L
r2 d6 should be between

1860 and 1895, when the angular motion and the

separation were both reasonably large. It is

probable, therefore, that the angular motion before

1860 was less than that given above, and that the

mimiiuum distance between 1900 and 1905 was
about o"-36. The following positions give a nearly
constant rate of description of area :

1830
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2172. Hu. 304. 66 Tauri. Spec. Az. P.M.

o s
-ooi9, o"-oo7 (Boss). The few measures so

far made are very consistent. They show an

angular motion of I5'7 in 10-2 years at o"-3O.

Pl="-on.

22OO. 2546. Spec.Go. P.M.+os-oo62,-o"-i37

(Boss). There appears to be a definite decrease in

angle of 4--|. in 80 years at 6"-8z. pj= "-oz6.

2255. 2562. Spec. Fz. The angle is in-

creasing, but the observations are not very accordant

say, 10 in 80 years at z"-o. ^="-013.

227O. 0286. Spec. Az. The position angle
has changed uniformly from 8o-y in 1845 to 58-5
in 1910. Mean separation, o"-53. ]> l ="-ooj.

2272. 2567. Spec. Go. The observed angles

are well represented by the following positions, but

the measures of distance are not sufficiently reliable

to deduce the distances accurately, although they
show considerable increase :

1830

1870

1910

302-7

3I4-7

322-8

1-38

1-70

2-04

These give p l ="-oi%, /?3="-O23.

2274. 2565. Spec. Ko. There has been a

decrease of a few degrees in the position angle from

Struve's observations.

2284. 2572. Spec.Fo. P.M.+o-oo24,-o"-o6o

(Greenwich, 1910). The angle has decreased io-6

in the 80 years to 1910. The mean separation was

3"- 54. It is probable that the angular motion has

decreased and that the separation has increased.

/>j="-02 4 .

2279. 2566. (AB,C). (31295 (AB). zCamelo-

pardali. Spec.Fo. P.M.+o s
-oo75, o'-ogo (Boss).

The position angle of the 2 pair has decreased

27-o in 80 years at a mean separation of i"-6o.

^="020. Abs. Trig. Par. "-025 (i).

23O7. 2577. Spec. F8. Struve's angles appear
to be a degree or two too large compared with those

of other early observers. However, the separation

appears to have altered very little,and Struve's angles
fit in well with observations since 1860 if constant

angular motion is assumed. We might adjust the

observations to show angles of 97- 3 in 1830 and

64-2 in 1910, giving a relative motion of 33-i in

80 years. The mean separation was i"-55, giving

^="023.

2336. 2589. Spec. 65. The position angle has

decreased 17-! in 80 years at 4"- 54. Mean separa-

tion, 4"- 54. ^="-043.

2381 . (3883. Spec. FS. The following is a

comparison of the Greenwich observations with

Aitke.n's orbit (Publ. Lick. Obs., xii. 35) :

Observed. n. Obs. Comp.

189700 25-5 .. I 2-3

1897-31 39-6 0-38 I +8-7 +-II

189808 37-7 0-13 7 -0-6 -14

1899-08 49-9 0-36 7 +2-4 +-08

1900-12 61-6 0-27 12 +4'3 -oo

1901-10 Coo 0-30 5 7' +'4
1902-00 73-2 0-33 5 4-0 +-09
1903-05 90 9 0-24 3 o-o +-02

1904-04 105-8 .. i i-8

1910-07 341-2 0-26 3 0-6 +-07
1913-06 25-2 0-33 4 +2-9 +-07
1914-06 33-4 0-20 i -\-i-2 -07

1915-22 50-3 0-29 2 +7'2 + -OI

The hypothetical parallax of Aitken's orbit is "-023.

Abs. Trig. Par., "-024 (3). Spec. Par., "-024.

There is a motion of C relative to AB of 3"-o in

255 in the 25 years 1879-1904. This is due to the

difference in proper motions.

2383. (3552. Spec. F5. New orbit computed
and given later. The hypothetical parallax is

"025. Abs. Trig. Par. "-007 (i). Spec. Par. "-028.

2443. 2622. Spec. FS. The angle has de-

creased 10 in 80 years at z"-47. ^="-016.

2445. 0292. 5 Aurigse. Spec. FS. P.M.

o s-oon, -|-o"-oo3 (Boss). The following positions
fit the measures fairly well, although the measures

do not justify such a large change in distance :

1845 229-8 2-60

1875 2 44' 2 2'82

1905 256-5 3-04

^="044, />3="-O45. Abs. Trig. Par., "-002 (i).

Spec. Par., "-020.

2446. 2619. Spec. G. The angles plotted

against the time show a nearly uniform increase,

but the distance has been decreasing. The following

positions show the motion :

1830

1870

1910

105-9

115-2
126-2

5-40

4-96

4-52

These give ^="-053, ^="-058.
Burnham describes this as probably an .optical

pair. A parallax determination should be made.

2464. 0293. Spec. 65. Although the distance

measures are not very satisfactory, the following

positions may represent the motion fairly well :

1845

1875

1905

67-3

58-6

43-7

1-15

0-96
0-66

These give pl="-oi\, p3="-oi8.

2466. A6. Spec. AS. There appears to have
been an increase of 7 in the position angle in 35

years from 1875. Separation, i"-oo. p1 ="-oo<).
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25O9. 0295. Spec. Az. The|angle has de-

creased 25-4 in 60 years at o"-j6. p 1="-on.

2535. 0298. 14 Orionis. Spec. Fop. P.M.

-|-o
s
-ooi7, o"-o6i (Boss). The observations may

be combined to give the following positions :

1852

1867
1882

1897

1912

1852-1882

1882-1912

246-0

228-4

206-7

180-7

151-8

Pi

036
038

1-25

1-14

1-03

0-96

0-92

036
036

Pa

-037

038

Abs. Trig. Par., "-022 (i). Spec. -Par., "-017.

2544. (31047. (BC), 2645 (AB). Spec. AS. P.M.

-fo s
-oo34, o"-o57 (Greenwich, 1910). More obser-

vations of the close Burnham pair are required.
There is a single observation by Leavenworth in

1914. The angular motion is about i-6j per annum
for the 25 years 1889-1914. Separation, o"-33.

2588. 02517. Spec. A.2, G. The observations

are not accordant. They indicate an increase in

angle of about 34 in 60 years at o"-^. ^=".007.

2613. 2670. Spec. 63. The position angle
has decreased 6-4 in 80 years at 2"-35. ^="-012.

26O9. 2657. Spec.F5. Apparentlythe angular
motion is increasing and the distance decreasing,
but the decrease in distance is not sufficient to

account for the observed change in angular speed.
The following table is deduced from the observations,
but does not give constant rate of description of

area :

1830

1870

1910

273-2

278-5
286-6

1-41

1-25
1-08

These figures give ^="-010, p3="-oi3.

27O6. Winnecke 2. Spec. 5. P.M. 08-0057,

o"-o2 (Bossert). The angle appears to have de-

creased about 9-7 in 50 years while the separation
has increased from i"-45 to 2"-!. ^="-016, p3="-O2&.

2712. Da. 5. 77
Orionis. Spec. Bi. P.M.

-f-o
s
-ooo4, -f~"' O1 (Boss). The angle is probably

decreasing, but the rate is uncertain.

2731. 712. Spec.Bg. P.M.-o s-oooi,+o"-ooi

(Boss). There may have been a change of 13 in

130 years. Struve's angles may be about 3 too

small. Burnham considers that Struve's angles are

10 too small and that there has been no relative

motion. The angles are certainly very discordant

for so wide a pair. Separation, 2"-96. p1="-oij.

2751. 2716. 118 Tauri. Spec. Ao. P.M.

-fo s
-ooi5, o"-O34 (Boss). There has been an in-

crease in angle of 9-o in 130 years at 4"-9i.

278O. 2728. 32 Orionis. Spec. 65. P.M.

+o s
-ooo8, o"-o36 (Boss). The measures of this

pair have been very discordant since 1900. This

was only to be expected by reason of the inequality
and the closeness of the components. The following

positions have been adjusted to give constant rate

of description of area :

1830

1845
1860

1875

1890

1896

1902

1908

1914

2I2-O

2O6-6

I99-8

I90-5

175-7

165-5

I5O-O

I22-S

1-04

0-94
0-82

0-68

0-52

0'43

0-32
0-26

0-24

Accurate measures at the present time are urgently

required.
It is probable that the whole of the first quad-

rant will be described in about 20 years, with the

separation slowly increasing to o"-3- The fourth

quadrant will thereafter be described more slowly
with the separation steadily increasing to perhaps
o"-5 or o"-6 in 50 years. The period is not likely to

be less than 300 years.

1830-1860

1860-1890
1890-1902
1902-1914

Pi
*

014
016

019
020

019
018

023
016

Ps

01 8

020

024
O2I

279O. 2731. Spec. Ao. The Dec. for 1925
should be 2 9'. There has been very little

relative motion. The position angles given in

Lewis's Memoir are wrong. This pair is confused

with A8=pG.C. 2768.

2812. 61267. Spec.Fs. P.M.+o s
-oooo,-"-o43

(Greenwich, 1910). The position angle has decreased

5-8 in 18-2 years at o"-8o. ^="-010.

2826. 2736.
creased 9-4 in

^="014.

Spec. F8.

80 years.

The angle has in-

Separation, 2
a

-2$.

2835. 2742. Spec. F8. The angle has in-

creased i4-o in 80 years at 3"'4O. p1=*-O2%.

2845. 2749. Spec.BS. P.M.+o s
-ooio,-o"-o3o

(Boss). The angle has decreased from 23-4 in

1830 to 347-o in 1910. The mean separation was

o"-84. It is possible that the separation is increasing

slowly and that the angular motion falling off, as

is shown by :

1830

1870

1910

23M
3-6

347-0

0-76

0-84

0-91

This gives ;>!= "-013, ^="-014, p3
="-
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2857. (31240. 26 Aurigse. Spec. Az. P.M.

o s
-ooio, o"-oo9 (Boss). The observations can

probably best be represented by uniform angular
motion from 35O-o in 1892 to 3O2-o in 1915 at a

separation of o"-2i. The Struve companion belongs
to the system. The close pair is deserving of careful

observation with large refractors. ^="-009.

2866. 0112. Spec. 69. The angle decreased

22-2 in the 70 years to 1913. The mean separation
was o"-6.f. p l

="-oo$.

2883. [31032. a Orionis. Spec. Bo. P.M.

o s
-oooo, -|-o"-ooi (Boss). This is the principal star

of Struve's triple system 762. There has been a

decrease in the position angle of 3i
-

5 in 15 years
to 1905. The mean separation was o"-z3. It is

possible that the angular motion is decreasing.

p1
="-oio.

2896. 1007. 126 Tauri. Spec. 63. P.M.

-fos
-ooo9, o"-oz8 (Boss). It is difficult to make

any definite conclusion about this close pair. See

Aitken, Publ. Lick. Obs., xii. 4.2.

29O2. 774. Orionis. Spec, Bo. P.M.

+o s
-ooo5, o"-oo7 (Boss). The observations are

not very accordant, but they indicate an increase

in angle of about 9 in 80 years. Separation, 2"-6o.

/>1
="-oi6. Abs. Trig. Par., -"-015 (i).

2975. 0119. Spec. F8. The position angle
has increased about

^,="009.
2O-5 in 60 years at o"-6j.

2976. 795. 5 2 Orionis. Spec. A3- P.M.

+o s
-oo04, o"-O23 (Boss). The position angle has

increased 7 in 80 years at i"'54- p 1
="-oo8.

2977. (3560. Spec. AS. P.M.-o s-ooo6,-o"-oi6

(Greenwich, 1910). If the position angle observed

in 1877 is correct, the separation was much too large.
The angular motion is certainly decreasing. The

following positions may approximately represent
the motion, but as there were no observations be-

tween 1877 and 1889, the results are very doubtful.

The distances have been adjusted to give a constant

rate of description of area :

1878

1894

1910

207-6

171-8

151-8

0-60

0-80

Assuming uniform motion at o"-6o, pj="-oz3.

3OO3. 799. Spec. B8. The angle has de-

creased I4'4 in 80 years at o"-<)6. pl="-ooS.

3O35. 0122. Spec. AS. The observations

are discordant, but an increase in the position angle
of about 30 in 60 years is probable. Separation,

o"-29. ^,="-005.

3O65. 821. Spec. Bg. P.M.-o s
-oo42, -o"-oi3

(Greenwich 1910). The angle has decreased 8-o in

80 years at 2"-o8. p l
="-oiz.

3O85. 826. Spec. 69. In the 60 years to

1890 there was an increase in the position angle of

n at a separation of 2"-o8. p,
= "-oi8.

3146. 840. Spec. Ao. The few observations

that have been made indicate angular motion at

the rate of 16 in 80 years. Separation, o"-ji.

p1= "-oo6.

3148. 0132. Spec. Az. The position angle
has increased about 9 in 60 years at i"-66.

^=--"012.

3174. 851. Spec. Ao. There has been an
increase in the position angle of 4-z in 80 years
at 2"-8o. p1="-oio.

3191. (31058. 4Geminorum. Spec. 69. In 25

years from 1889 the position angle has decreased

i9-o at o"-3O. p l
="-ooj.

3239. (31008. r/Geminorum. Spec. Ma. P.M.
os

-oo45, o"-oi7 (Boss). The angle is probably

decreasing, but measures are discordant. Abs. Trig.
Par.. "-016 (3). Spec. Par. "-014.

3291. (3895. Spec. A3. P.M.+o s-ooi8, -o"-o3i
(Greenwich, 1910). This binary is the principal

component of 888. The position angle increased

from i43'4 in 1890 to i68-7 in 1905, the mean
separation being about o"-23. />1="-O09. Abs.

Trig. Par., "-005 (i). This pair deserves careful

attention, for the observations which exist seem to

indicate that the period 1890-1905 covered the time
of maximum separation. The most recent Green-
wich observations show a position angle of 189- 7
for 1913-5. The early observations, though very
scanty, may indicate a minimum separation with

large angular motion about 1875. Abs. Trig. Par.,
"006 (i).

3277. 881. 4 Lyncis. Spec. Az. P.M.

+o s
-ooo3, +o"-oo6 (Boss). There has been an

increase in the position angle of 22-o in 80 years at

o"-85. ^="-010.

3313. 0137rej. Spec. Ao. P.M.-os-oo66,
o"-ooo for A (Bossert). The star B shows no motion
relative to A, but if Maedler's observation is correct,

C is an optical member of the system moving,
relative to B, o"-o78 in 180 per annum.

3379. 905. Spec. Ao. The position angle
has increased 8 in 80 years at z"-oo. ^j="-oii.

34O2. 919. ii Monocerotis. Spec. Ezp.
P.M. o s

oo25, -fo"-oo2 (Boss). There appears to

be an increase in the position angle of the BC com-

ponents of 4-5 in 80 years at 2"-s8. ^="-010.
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3423. 2918. Spec. A3. The angle has in-

creased 6-3 in 80 years at 4"'45- p l
="-O22.

346O. 932. Spec. $ The angle has de-

creased i7-6 in 80 years at 2" -20. p1
="-O2i.

3474. O2149. Spec. Go. P.M. +08-0003,
o"-o8i (Greenwich, 1910). The observations of 1843

and 1848 cannot be fitted into an ellipse with the

later observations. A larger position angle for 1870
than that given below cannot be justified, and the

early distances have been reduced as much as possible,

but still the area described between 1843 and 1848
cannot be reduced to give a constant rate of descrip-

tion of area. The 1848 observation can be fitted

on fairly easily. The following positions may re-

present the motion :

1848-23

1870
1880

1890

1900

1910

350-7

3157
302-0

289-4

278-2

268-5

o-53

0-65

0-69

o-73

0-77
0-82

The separation will probably continue to increase

and the angular motion fall well below i a year.

The period is probably more than 200 years.

1870-1890

1890-1910

Pi
t

022
O2I

Pi

022
018

Pa

O22

022

Abs. Trig. Par., "-040 (2). Spec. Par., "-029.

has

3484. 2936. Spec. 65. The position angle
increased i5-2 in 80 years at i"'53. pl

="-

3515. 2945. Spec. Yz. The position angle has

increased 24- 7 in 80 years at a mean separation of

o"-9i. The. measured distances seem to indicate

that the separation has been decreasing, but the

angular motion has been nearly constant. p1
="-oi i.

3542. 2950. 15 Monocerotis. Spec. Oe5.

P.M.+o s
-ooo2, o"-oo7 (Boss). The position angle

has increased 6-o in 80 years at 2"-86. p1 "-oi'$.

Abs. Trig. Par., "-002 (i).

3559. 2948. 12 Lyncis. Spec. A2. P.M.

o s-oo20, +o"-ooi (Boss). The angle has decreased

at a uniform rate of 4O-7 in 80 years at i"-62. The

same rate is supported by the Herschel observation

of 1782 giving an arc of 68. This indicates a period

of about 700 years. pj="-02j.

3596. A. G.Clark i. Sirius. a Canis Majoris.

Spec. Ao. P.M. 08-0366, -i"-2o6 (Boss). There

have been a very large number of observations in

recent years, and the orbit is now very well known.

Hypothetical parallax, "-446. Abs. Trig. Par., "-376.

Spec. Par., "-376.

36O1 . 02156. Spec. Ao. The angular motion

seems to have been nearly uniform at a rate of 49- 2

in 65 years. The mean separation has been o"-62.

It is just possible that the observations cover the

period of maximum separation. pl="-oi^.

3615. 02157. Spec. A2. The position angle
has decreased uniformly 3i-o in 65 years at a

separation of o"-62. ^="-010.

3625. 2963. 14 Lyncis. Spec. 5, A2. P.M.

o s
-oooo, o"-O47 (Boss). There is no doubt that

the angular motion has considerably increased and
that the separation lias decreased, but recent

observations are lacking and are urgently required.
The following positions indicate the motion :

1830
1860

1890

1905

51-2

58-4

70-0
80-0

0-86

0-76

0-56

o-43

For the interval 1830-1890 we find ^="-009,
/)2="-oi7, p3="-oi2.

3692. 2982. 38 Geminorum. Spec. Fo. P.M.

+o s
-oo50, o"-o85 (Boss). The following positions

indicate the motion :

1820

1845

1870

1895

1920

176-0

170-4

165-4
160-8

156-5

5-70

5-95
6-2O

6-45
6- 70

These give Pi="-055, p3
="-o6o for the interval

1820-1920. The period of this binary must be

of the order of 2000 years. Abs. Trig. Par., "-049 (i).

Spec. Par., "-035.

3689. 2981. Spec. Go. P.M.+os-oi94, -o"-245

(Greenwich, 1910). There appears to be some
motion in both position angle and distance as shown

by:-

1830 149-4

1910 1 44- 5

Whence ^=-015, pa="-o^i.

3-75

283

3678. 02159. 15 Lyncis. Spec. Go. P.M.

+o s
-ooo7, o"-i34 (Boss). About 60 of the apparent

orbit have now been observed, as is shown by :

i8
t 3 322-7 0-418

1858 3 |.i-7 0-490

1873 355-9 562
1888 6-8 0630
1903 15-8 0-686

1918 23-7 0-738

These figures give :

Pi Pi Pa

1843 1873 -014 -014 -015

1873-1903 -013 -015 -014
. I

371 O. 2991. Spec. Ao. P.M.-os-oo22,+o"-oo6

(Greenwich, 1910). The position angle has decreased

about 6-o in 85 years at 3"-84. p1="-oij.

3728. 2998. Spec. AS. The position angle
has increased about 6 in 80 years at 3"-io.

3755. [il022. P.M. +08-0053, o"-oi2 (Green-

wich, 1910). Further observations are required to

verify change of 38 in 28 years at o"-39. ^="-013.
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3793. 1009. Spec. Aa. In the 80 years,

1830-1910, the angle has decreased 6 and the

separation has increased from z"-g5 to 3"-65.

pl= "-oi6, pa="-027.

381 O. Ho. 29. The separation appears to have

increased considerably.

3844. 02165. o (4?) Geminorum. Spec. Ko.

P.M. o s
-ooo7, o"-m (Boss). This is an optical

pair. The following is a comparison of the observa-

tions with Hussey's ephemeris (Pull. Lick. 06s., v.

82):-
Observed. n. Obs. Comp.

1897-2

1905-5

43-9

377
3-66

4'54

o-i

+ 2-1

4
+ -IO

3876. 21037. Spec.Fs. P.M. +08-0004, -o" 090

(Greenwich, 1910). The observations indicate

motion as follows :

1830

1845
1860

1875

1890

1900

1905

1910

1915

332-8

326-9

321-3

3I5-5

308-6

302-7

298-7

293-1
281-0

27

.32

35
28

14

0-98

0-85

0-70'

0-40

A preliminary orbit could be computed from these

positions, but in the course of a few years it will

be possible to get quite an accurate determination.

It is quite certain that the time of maximum separa-
tion is well covered by the observations

;
the pair

is now close. A minimum separation of about

o"-i2 should have been reached at position angle
200 about 1919-5, and the companion should pass
into the first quadrant about 1925. The period
will be about 200 years, the eccentricity about 0-8

and the inclination large.

1830-1860

1860-1890
1890-1910

Pi

018

019
022

Pa

025

033

043

Pa

019
022

34

389O. 02520. Spec. Ao. P.M.-os-ooi2,

o"-o3O (Greenwich, 1910). The angle may be in-

creasing, but this is not quite certain.

39O5. Ho. 343. 52 Geminorum. Spec. Ko.

P.M.+o s
-oo37, o"-og2 (Boss). If the change is

confirmed, this should be an optical pair. Spec.

Par., "-008.

3949. 02170. Spec. Go. P.M. -08-0019,
o"- 1 14 (Porter). The observations of this binary

are represented by :

1845
1860

1875

1890

1905

1915

133-7

124-2

117-6

112-4
108-1

105-5

0-89

13

3

43

54

59

The maximum separation should be about i"-8 and

the period at least 300 years. The relative motion

will be very slow for the next century.

1845-1875
1875-1905

Pi

9

O2O
018

Pi

032
025

p*

027
O22

3972. 21068. Spec. Az. The angle has de-

creased 4-6 in 80 years at 3"'9O. pl="-oi$.

397O. 21066. 8 Geminorum. Spec.Fo. P.M.

os
-ooi3, o"-oi7 (Boss). It is very difficult to be

certain about the exact nature of the relative

motion. The observations of Herschel are not

sufficiently consistent to be used. A considerable

increase in the angular motion is shown by the

observations, but this is not sufficiently supported

by the measures of distance. The following positions

may be fairly correct, although considerable person-

ality is shown in the observations :

1820

1850
1880

1910

195-6

199-9

204-4

209-0

7-20

7
; 26

7-17

6-83

NOTES ON DOUBLE STAKS.

For the whole period 1820-1910, pl="-QS3, P3="'53.
Abs. Trig. Par., "-062 (2). Spec. Par., "-033.

399O. 21074. Spec. 69. This may prove a

fairly rapid binary and deserves careful attention.

The separation appears to have reached a maximum
of o"-75 or o"-8o about 1890. It was very small in

Struve's time, and may again rapidly decrease.

Early observations and recent observations are

not numerous, so that it is difficult to describe the

motion accurately. If Struve's angle is nearly
correct the separation in 1830 could not much
exceed o"-3. The inclination of the orbit plane to

the tangent plane must be large.

4OO4. 1024. P.M.+o s
-ooi5,-o"-o55 (Green-

wich, 1910). There are very few observations of

this pair. They seem to indicate motion of o-75
per annum at i"-34- p1="-oz<).

4O16. 21081. Spec. Bg. Ignoring Struve's

observations, we find an increase in the angle of 4
in 60 years at i" -

4i. pl
"-oo6.

4O65. 21093. Spec. F$. The angle has in-

creased uniformly 53- 5 in 80 years at a mean
separation of o"-jo. ^="-014.

4O98. 21104. Spec.FS. P.M.-o<-oi29> -o"-263
(Boss). There has been a nearly uniform increase in

the position angle at rate of 44- 2 in 80 years at
2"-30. ^="-041.

41 22. 21110. a Geminorum. Castor. Spec.
Ao. P.M.-os

-oi35, -o"-no(Boss). Thefollowing

y
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is a comparison of the Greenwich observations with
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The separation will continue to increase slowly for
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The following ephemeris has been constructed
from Aitken's orbit. The intervals are 10 of

eccentric anomaly, and the time is calculated from

perihelion, 1900-97, 1916-27, etc., the period being
15-3 years :

Time.

000

150

308

484
682

912
1-180

1-487

1-841

2-242

2-691

3-188

3-730

4-313

4-933

5-584

6-259

6-950

7-650

8-350

9-041

9-716

10-367

10-987

11-570
12-112

I2-609

I3-058

'3-459

13-813

14-120

14-388

14-618

14-816

14-992

15-150

15-300

E.

O

o

IO

20

30

40

So
60

70
80

90
IOO
I IO

1 20

130

140

150
1 60

170
1 80

190
2OO

2IO

22O

230

240
250
260

270
280

290

3OO
310

32O

330

340

350
O

o-o

21-5

41-9

60-4

76-6

90-7
102-8

113-3

122-5

130-5

137-7

144-2

150-2

155-8
161-0

165-9

1707
175-4
180-0

184-6

189-3

194-1

199-0

204-2

209-8

215-8

222-3

229-5

237-5

246-7

257-2

269-3

283-4

299-6

318-1

338-5
o-o

6

O

14-4

44-9
68-8

84-3

95-7

104-8

112-7

119-9

126-7

133-2

139-7

146-2

152-8

'594
166-2

173-1
180-2

187-2

194-4
2OI-6

208-6

215-7
222-6

229-4

236-0

242-6

249-1

255-6
262-1

268-9

276-1

284-0

293-1

304-5

320-0

343-9

14-4

052
060

074
093
114

134

153

171
186

200

211

22O

228

234
238
24 I

243
24 3

244

243

243

241

238

234
228

22O

211

200

186

171

153

134

114

093

074
060

052

The star C forms with AB the system 21273. The
motion so far observed has been nearly uniform
circular motion. It is probable, however, that the
arc described covers the position of maximum
separation which took place about 1890. This is

indicated both by a slight variation in the angular
motion and the observed distances. The following

positions have been based on the observed angles

only, and probably indicate a larger change in dis-

tance than has actually taken place :

1830

18+5
18 o

1875

1890

1905

1915

Assuming uniform

195-0 3-08

204-2 3-26
212-6 3-42
220-6 3-54

228-3 3-54

236-3 3-38

242-0 3-19

angular motion at 3"'37,

p1="-o6o. The hypothetical parallax from the

elements of the orbit of AB is "-030. From the fact

that the close visual pair is also a spectroscopic

binary the accurate parallax of "-025 is deduced.

Abs. Trig. Par., "-017 (4). Spec. Par., "-052 for AB
and "-016 for C.

4777. 21271. Spec. 5. The position angle
has increased 6-3 in 80 years at a mean separation
of i"-33. 1="-oo6.

48O8. Ho. 40. The position angle may have
increased 13 in 20 years to 1907 at o">59. This pair
should be observed again. p1="-oi2.

4828. (3587. 15 Hydrse. Spec. A2. P.M.
o s

-oo3o, o"-oo3 (Boss). The position angle

appears to have decreased 17 in the 30 years 1878
to 1908. The mean separation has been o"-65, but it

may be increasing. p!="-oi2.

4839. 21291. o-
2 Cancri. Spec. Ko. P.M.

+o s
-oo3O, o"-O33 (Boss). The position angle has

decreased about io-5in 80 years at i" -

47. p1
="-oio.

Spec. Par., "-006 for brighter and "-007 for fainter

star.

489O. 21300. Spec. KS. P.M. -08-0067,

o"-3i3 (Porter). There has been a decrease in the

position angle of i T?-() in 80 years at a separation of

4"-8s. ^="-040.

49O1 . (3211. Spec. A2. The position angle
has increased 8-4 in 35 years at i"-O4. p 1

="-on.

4923. 21306. o-
2 Ursse Majoris. Spec. F8.

P.M. o s
-ooo9, o"-o7o (Boss). This pair is now in

rapid motion, and has been recently discussed by
several investigators. There is an orbit with a hypo-
thetical parallax of "-062. Abs. Trig. Par., "-042 (i).

4941 . 21316. Spec. Go. The position angle
of B from A appears to be decreasing, but the rate

is uncertain. C is an optical member of the system.

4972. 21321. Spec.K2,K2. P.M.-o8-i 74 i,

o"-596 for A and o s
-i7i5, o"-68o for B (Boss).

The relative motion is shown by the positions :

1830

1872

1914

47-5

57-6

68-5

20-35

19-64

18-92

These give p1="-2o6, p3="-zn. The observed

parallax proves that this is a real binary. Abs.

Trig. Par., "-152 (5). Spec. Par., "-145 for first and

"132 for second star.

4987. 21327. Spec. F8. P.M. +08-0053,
o"-O22 (Greenwich, 1910). This appears to be a

purely optical system. The motion of B relative to

A is o"-o68 in 273-2, and of C relative to A o"-034
in 328-o.

5004. (3588. Spec. FS. The position angle

appears to have increased 8-o in 35 years at 2"~42.

^="024.

5005. 23121. Spec. Ko. P.M. +08-0059,
o"-5O7 (Greenwich, 1910). The following is a

comparison of the observations with See's orbit

(Evolution of Stellar Systems, i. 94) :

Observed. n. Obs. Comp.

I893-3

1895-2

1897-8

1902-3

1907-1

1913-0

I914-3

The companion
dieted position.

Hypothetical parallax, "-051.

"067 (3). Spec. Par., "-052.

4-0



NOTES ON DOUBLE STABS SHOWING RELATIVE MOTION. 173

5O11. 1333. Spec. AS. P.M. -08-0037,
o"-o36 (Boss). The position angle has increased

5-3 in 80 years at i"-55. pl="-ooj.

5O14. 1334. 38 Lyncis. Spec. A2. P.M.
o s-oo2i, o"-i35 (Boss). The position angle has

decreased about 6-5 in 80 years at 2"-85. ^="-014.

5O1 8. Ho. 43. Spec. F?. The position angle
has decreased 3i-8 in 28 years at o"-^6. p1="-oi$.
More observations are required.

5O3O. 1338. Spec. F2. The
shown by the following positions :

motion is

1830
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The relative motion is now very slow. We find
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5527. 02227. Spec. A2. The observations

are represented by :

1845 328-2 0-50

1878 339-2 0-54

1911 348-7 0-59

These give p1="-ooj.

5533. 21465. The position angle may be

decreasing say, 5-3in 80 years at 2"- 20. p1
="-oio.

5558. 02228. Spec. Fo. P.M. -08-0085,

o"-oo5 (Bossert). The observations are not very

accordant, but may be considered as indicating a

motion of 13 in 60 years at o"-45- ^="-004.

556O. OS229. Spec. A.$. The position angle
has decreased from 349-2 in 1845 to 3i2-8 in 1915
at a nearly uniform rate. The mean separation has

been o"-8o. pl="-oi^.

5572. 21476. 40 Sextantis. Spec. A.2.

P.M. os
-oo35, o"-oi3 (Boss). The position angle

has increased io-7 in 80 years at a mean separa-
tion of 2"- 1 3. The measured distances show an

increase from 2"-o to 2"-^., not supported by the

change in angle. ^="-015.

5599. 02230. Spec. FS. The position angle
has increased i4-8 in 60 years at 8"-44. If this were

a physical system, we would deduce ;>j="-o88, but

it is quite probable that this is only an optical pair.

A parallax determination, or a determination of the

proper motion of the brighter component, is desirable.

56O3. 21487.
-o s

-oo55, "-017 (B
54 Leonis. Spec. Ao. P.M.

08-0055, "-017 (Boss). The position angle has

increased 5-" in 100 years at 6"-33. ^="-025.

5633. 21500. Spec. F8. The relative motion
is shown by :

1830

1872

1914

325-0

3i5-o

308-3

i-oo

1-36

1-50

Whence we derive ^="-012, p2 ="-025, />3="-oi8.

It is possible that maximum separation has nearly
been reached.

5659. 21504. Spec. Fo. The observed

motion is as follows :

o u

1830 275'8 1-07

1872 284-0 1-15

1914 291-2 1-22

The period will be thousands of years. ^="-010,
?3="-on.

5676. (3599. 65 Leonis. Spec. 65. P.M.
os

-025i, o"-o87 (Boss). The position angle is

probably increasing. Spec. Par., "-024.

5679. 21510. Spec. FS. The position angle
has decreased 7-2 in 80 years at 4"-!. p1="-O22.

5694. H. 2562. P.M. -08-0084, +o"-o22

(Greenwich, 1910). This pair requires observation.

The position angle appears to have decreased 34
-

9
in 80 years. Mean separation, i"-24. The Green-

wich measure of distance appears to be much too

large. pl ="-oi<).

57O7. 21517. Spec. Go. P.M. -08-0272,

o"-i47 (Boss). It is still very difficult to form any
definite conclusions as to the apparent orbit of

this binary. The early observations given by
Burnham in his general catalogue do not appear
to be representative. When the observed angles
and distances are plotted against the time and the

smooth curves adjusted so as to give constant rate

of description of area, the following positions are

obtained :

1830

1845
1860

1875

1890

1905

1914

289-4
288-1

286-3

283-2

277-3

267-5
260-8

i-ii

0-98
0-82

0-57

0-43

o-34

0-36

But these points do not lie on an elliptic arc, and,
in fact, the curve through them appears to be

convex to the principal star. It does not appear
to be possible at the present time to adjust the

observations in a way which is convincing. Lewis's

suggestion that the position angles after 1896 should

be reversed does not appear to be tenable. It is

probable that the position angles and distances

given above for 1905 and 1914 must be considerably
reduced. The pair should be carefully observed

with large refractors. p3="-oi9.

5734. 21523. Visas Majoris. Spec. Go.

P.M. os
-o333, o"-598 (Boss). Comparison with

Norlund's orbit (Astr. Nach., 170, 121) :

Observed. n. Obs. Comp.

1893-74

1898-29

1901-32

1903-96

1908-49

1914-20

1919-42

185-4

158-1

148-4

140-4

127-7
I 22- 1

Il6-7

I05-9

1-79

2-09

2-30

2-50

2-75

2-85

2-94

2-99

5

7

9

7

u
2

-1-9
+0-4
+0-9
-0-3
+0-3
+0-7
+0-5

+05
+ -O2

-04
-07
-15
-18
-16
+ 'O2

Hypothetical parallax, "-130. Abs. Trig. Par.,

"158 (3). Spec. Par., "-126 for brighter and "-120

for fainter star.

5739. 21527. Spec. Go. P.M. +08-0036,

o"-i57 (Porter). The position angle has increased

7-8 in 80 years at 3"-s8. ^="-020.

5757. 21534. Spec. GS. P.M. -os-oio8,

o'-ogS (Porter). The position angle has decreased

15 in 80 years at a mean separation of 5"-o6. The

separation is increasing and the angular motion

decreasing. If this is a binary, ^="-044.

5765. 21536. i Leonis. Spec. F$. P.M.

+o s
-oios, o"-o8s (Boss). The angular motion of

this binary has increased rapidly in recent years,
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and careful measures ought to be made at regular
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6158. 21639. Spec. AS. P.M. + 0^-0014,
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Observed. n. Obs. Comp.
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These observations indicate that the adopted period
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6773. 1817. Spec. F8. P.M. -0^-0016,

o"-oi3 (Greenwich, 1910). The position angle has

decreased 6 in 80 years at a separation of i"-50.

678O. 21819. Spec. F8. P.M. -08-0127,

+o"-038 (Porter). Nearly 110 of position angle
have been described since the first observations of

Struve. The maximum separation appears to have

been reached about 1890. The period will probably
be of the order of 250 or 300 years. It should soon

be possible to compute a preliminary orbit. The

following positions show the observed motion :

1898-42
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6972. Hu. 575. More observations are re-
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7214. 21932. Spec. F8. P.M. +0^0053,
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It will be seen that the companion has not yet reached
the position in which it was observed by Struve in

1826. All the recent determinations of the period
are therefore too small. It certainly exceeds 95
years, and it is unlikely that it is less than 100 years.
The maximum separation does not appear to have
been reached before 1910. There is no need to make
a new determination of the orbit till the companion
has passed into the first quadrant. This pair should
be carefully observed at the present time, as a

rapid change may soon take place.
The hypothetical parallax is "-026. Abs. Trig.

Par., "-030 (3).

7367. (3619. Spec. 65. The position angle
has increased i2-6 in 30 years at o"-5o. p l="-ooj.

7375. 21969. Spec. Ko. The following posi-

tions show the observed change in distance, and the

angular motion has been adjusted to fit.

1830 42-0 1-4.7

1869 45-4 1-03

1908 54-0 0-60

^="008, #,= "-020.

7381 . Pritchett = Ku. 51. The separation

appears to be increasing.

741 4. (3621. Spec. Ao. The position angle
has decreased i8-i in 30 years at o"-54. p1="-oio.

744O. 21988. Spec. Fz. The position angle

appears to have decreased 5-3 in 80 years at 2"- 74.

Pl="-oi2.

7477. 02303. Spec.
motion is indicated by :

i8 4 5
1881

1917

These give ^="-013,

112-3

134-5

150-0

The observed

0-60

0-75
0-86

749O. 22006. Spec. A3. The position angle
has decreased io-6 in 80 years at i"-6^. pl="-on.

7487. 21998. g
1

Scorpii. Spec. F8. P.M.

os
-oo42, o"-O34 (Bos"s).

2
Scorpii has a proper

motion of o s
-oo5i, o"-028 (Boss). The following

comparison is with Aitken's orbit (Publ. Lick. 06s.,

xii, 102) :

Observed. n. Oba. Comp.

1907-56
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parison of the Greenwich observations is with
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7751 . 22097. Spec. 65. The position angle
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With regard to Herschel's observation of 1781, the

distance 4"- 3 5 is probably nearly correct, but the

position angle is about 5 too large. The period
should be of the order of 600 or 800 years.

Pi

1805-1850

1850-1890
1870-1910

028 for the S. and

060

064
066

Spec. Par.,

056 -068

057 -066

055 -067

'026 for the N. star.

1 3364. Hu. 1176. It does not appear satis-

factory to combine the separate observations which do
not agree well with those made by Aitken (Publ. Lick.

Obs., xii. 113). This is undoubtedly a rapid binary.

7885. plllS. 17 Ophiuchi. Spec. Az. P.M.

+o s
-oo25, +o"-o86 (Boss). The following positions

are based on rather slight material :

1890
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The Greenwich observations for 1911-1 give a

separation of o"-94 against i"-2y for both the orbits,

while the position angle is 3-5 greater than that

shown by first orbit and 4.- 9 greater than that shown

by second. Accurate observations of the separation
should soon discriminate between the two sets of

elements.

The mean of the hypothetical parallaxes is "-057.

Abs. Trig. Par., "-084 (4). Spec. Par., "-055.

81 OO. (3631. Spec. Ao. The position angle
has decreased i4-o in 30 years at o"-39. ;>1="-oo6.

81 07. 22192. Spec. Ko. P.M. +08-0024,

o"-O97 (Greenwich, 1910). This is an optical pair.

81 1 8. 22199. Spec. FS. The position angle
has decreased from 1 16-8 to 84- 6 in the 80 years to

1910. Separation, i"'S9. p1="-O2$.

81 2O. (31251. Spec. FS. P.M.-o s
-ooo2,

-f-o"-O96 (Boss). The position angle has decreased

24-8 in 20 years at i"-3i. ^="040. Abs. Trig.

Par., "-031 (i).

8127. 22203. Spec. A2. P.M.-o^-ooii,
+o"-oi2 (Boss). The position angle has decreased

i8-3 in 80 years at o"-yo. ^="-007.

8145. 22218. Spec. FS. 1

+o"-i28 (Porter). The position angle
i2-8 in 80 years at 2"-3O. ^="-018.

P.M.+os-ooi4,
has decreased

81 53. 22205. Spec. Ko. The observations

indicate motion as follows :

1830

1910

290-9

308-8

2-52

2-04

These positions give p1="-022, p3="-o2$.

81 67. 22225. Spec. Kz. The position angle
has decreased io-o in 80 years at 9"-oo. ^="-059.

81 62. A. Clark 7. ju Herculis. Spec. Mb.
P.M. 06-0244, o"-75o (Boss). The Greenwich
observations of the close pair are compared below
with Aitken's orbit (Publ. Lick. Obs., xii. 119) :

Observed. Obs. Comp.

1896-19

1901-90

1904-58

1907-56

45-5
62-2

68-0

79-9

1-42

1-18

+-IO
-02

0-2

+0-6
i-o +-ii

+ 1-0 -II

Hyp. Par., "-084. Abs. Trig. Par., "-105 (5). Spec.
Par., "-no.

8163. 22215. Spec. Ao. P.M.-os-ooo8,
o"-027 (Boss). It is rather difficult to adjust the

observations, as the angular motion indicates a

larger decrease in the separation than the measures

warrant. The following positions may represent
the actual motion :

1830

1872

1914

312-0

301-4

287-6

0-80

0-77

0-63

These positions give p1 ="-oo<).

81 86. 02337. Spec,
are represented by :

F2. The observations

1876

1909

3077
292-6

271-6

0-50

0-46

-3S

The angular motion is steadily increasing. ^="-008,
ps="-oii, j>3="-oo8.

82O3. 22236. Spec. Go. ._,
has increased 4-! in 80 years at 3"- 12

The position angle
""-"

p1=*-OII.

821O. 02338. Spec. Ko. The angular motion

appears to be decreasing more than required to satisfy
the observed increase in separation. The following

positions make a compromise :

1845
1880

1915

38-0
22-6

n-4

0-63

o-7S

0-87

These give ^="-010, jB3="-oi2.

8228. A. Clark 8. Spec. AS. P.M.+os-ooio,
o"-oi2. (Greenwich, 1910). The position angle

appears to have increased i4-o in 40 years at o"-32.
="-

823O. A. 235. This pair has been noted by
Aitken (Publ. A. S. P., xxvii. 230), as showing an
increase in position angle of 2O-2 in 14-2 years.
The motion deduced from all the observations is

2S"5 in 15 years. The mean separation has been

8242. 02339. Spec,

represented by :

1845 183-1

1905 178-4

The motion is

2-63

3-20

These positions give ^="-014, pa="-O2j.

8241 . 22244. Spec. A2. The position angle
has increased 5-7 in 80 years at i"-O7. ^="-005.

8245. Ho. 72. Burnham has made a special

study of this system, and has found a motion of

o"-25O in 359-7 annually of B with respect to the

stars A and C.

83O3. 22262. T Ophiuchi. Spec. F. P.M.

+os
-ooi4, o"-O4O (Boss). Comparison of observa-

tions with Doberck's orbit (Astr. Nach., 170, 101) :

Observed. Obs. Comp.

1900-2

1906-0

1913-6

258-6

259-2
262-1

1-90
I-6 7

I-8J

5

4
4

+ 1-6

+0-7
+ 1-7

-02

--28
--08

Hyp. P
%ar.,

"-028.
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8321 . 22267. Spec. A3. The position angle
has increased 9-2 in 80 years at a mean separation
of r-i8. ^="-007.

8368. [3826. The position angle appears to
have decreased 11 in 20 years at o"-68. Further
observations are required, pl=*-oi2.

8326. Ho. 565. P.M. +0^-0017, +o"-oo8
(Greenwich, 1910). The position angle has appar-
ently increased i2-i in 20 years at o'-tf. p1="-ooj.

837O. 02524. Spec. Az. The position angle
has decreased 33-o in 60 years at o"~34. p1

="-oo6.

8331 . (31127. Spec. 2. The position angle
appears to have decreased n-7 in 20 years at

o"-8s. pi="-oi6.

838O. 2281. 73 Ophiuchi. Spec. F2. P.M.

+o s
-oo25, o"-oi2 (Boss). A new orbit has been

computed with hypothetical parallax of

8337. 22275. The position
creased 7-8 in 80 years at o"-8y.

may have decreased. ^="-005.

angle has in-

The separation

834O. 22272. 70 Ophiuchi. Spec. Ko, K6.
P.M.-fo s

-oi69, i"-io2 (Boss). The comparison
of the observations is with Lohse's orbit (Publ.

y. Obs. Potsdam, xx. 141) :

Observed.
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8485. 22303. Spec. FS. The change has

been mostly in distance. It was probably near a

maximum of 3"- 3 in 1830. By 1910 it had de-

creased to z"-z. This pair should be carefully

measured. 7>3="'O33.

85O7. (3640. Spec. 65. P.M.+os-oo49,

+o"-o85 (Greenwich, 1910). The position angle
has decreased i6-5 in 30 years at 2"-30. ^="-041.

8512. 22311.

pair.

This is probably an optical

8545. Ho. 84. The seven observations for

which a mean is given were originally described as

Ho. 84. Most of the nine observations given
in the catalogue as belonging to a new pair were

also originally described as Ho. 84. These were

correctly described, and the position angle was later

altered 180. All the observations appear to belong
to the same pair, except, perhaps, the observation

of 1906-731. Neglecting this we get :

or

1900-8

1905-8

1903-2

318-7

3i8-5

318-6

4-51

3-76

4-16

7

i5

8548. 22315. Spec. Ao. P.M.-os-oooi,

o"-oi5 (Greenwich, 1910). It is rather difficult

to adjust the angles and distances, but the following

positions are probably fairly correct :

1830



190 NOTES ON DOUBLE STABS SHOWING RELATIVE MOTION.

early observations it appears that at Struve's time
the position angle was perhaps about 70 and that

it decreased slowly to 60 by 1884. It is unfortunate

that there are no more observations between 1875
and 1891 than those^of Schiaparelli and Engelmann
in 1883. It is possible that this was an extremely
close pair between the dates mentioned, and that

the only part of the orbit where the separation
exceeds o"-2 is from about 90 to 60 in position

angle. If this hypothesis is correct the greater part
of the apparent orbit has been described, although
it will be impossible to assign even an approximate
period till the companion is found closing in at

position angle 60. The pair should be carefully
observed with large refractors in both angle and
distance.

8759. 22384. P.M.-os-o227, +o"- 195 (Porter).
This is another pair which is undoubtedly binary,
but for which the observations are few and uncertain.

The observations from 1832 to 1854 give constant

rate of description of area as follows :

1832

1843

1854

310-3

3I7-5

332-5

0-77
0-60

0-37

It appeared single to Dembowski in 1865 and to

Burnham in 1878. The observations from 1890 to

1905 show the separation increasing from o"-4O to

o"-69, but with the position angle almost constant

about 308. This, however, is inconsistent with

the description of area between 1832 and 1854.

We can therefore only assert that the separation
decreased and is now increasing in practically the

same position" angle (or perhaps 180 different).

There is no indication that the separation was near

a maximum at the time of Struve's observations.

Abs. Trig. Par., "-002 (i).

8751. 22369. Spec. Go. P.M.-os-oo38,

o"-o64 (Bossert). The observations are represented

by:-

1830 98-2 1-54

1872 95-5 1-27

1914 91-9 0-90

These positions give ^1="-oo6, p2="-oi8, #,="-017.

8776. 22375. Spec. Ao. P.M. +08-0004,

o"-oi4 (Boss). The position angle has increased

5-8 in 80 years at 2"-24. p1="-oio.

8824. 22396. Spec. K4- P.M. + 08-0078,

o"~449 (Porter). This is a well-known optical

pair, the relative motion being due to the brighter

component. Abs. Trig. Par., "-062 (2). Spec. Par.,

"058.

883O. 22400. In this well-known triple sys-

tem the bright star is only an optical member,
while the two faint stars appear to form a binary, as

no relative motion has been observed since 1884.

It is usually assumed that the early observations,

1829-1851, refer to the more distant of the two faint

stars, and that the observations of 02 in 1855 and

later refer to a different object. A careful considera-

tion of the observations leads to the view that this

is erroneous, and that the more distant star now

called C was not observed till 1883. On this view

there is no necessity to assume variability in any of

the stars. The difficulty in observing any companion
between 1850 and 1870 is explained by the consider-

able difference in magnitude and the comparative
closeness of the bright star to the two faint ones.

Also, the relative motion of A and B, obtained on

the assumption that Struve observed the nearer star,

agrees much better with the known proper motion

of A. The two observations given in Burnham's
General Catalogue, vol. i., refer to the same pair AB.
The motion of A relative to BC is "-067 annually in

the direction 329-4. Taking C as at o'-go in 198
from B, we find :

A B. A C.

1910

1920

1930

173-5

169-2

165-8

2-93

3-55

4-19

I79-5

175-1

171-9

3-78

4-35

4-97

8861 . 22410. Spec. F8. The position angle
has apparently decreased 4-5 in 80 years at i"-44-

89O5. 22415. Spec. Ao. The position angle
has decreased 5'9 in 80 years at 2"-oi. pl "-oo<).

89O9. pl37. Spec. Go. The position angle
has increased io-7 in 30 years at i"-i9. p1="-oi6.

893O. 22422. Spec. Ao. P.M.-os
-ooo8,

+o"-oi6 (Greenwich, 1910). The position angle
has decreased i3-6 in 80 years at o"-8z. ^="007.

8933. [3648. Spec. Go. P.M. +08-0137,
o"-i6o (Boss). The following comparison of the

Greenwich observations is with Aitken's orbit

(Publ. Lick. 06s., xii. 133) :

Observed. Obs. Comp.

1895-59
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8988. 22437. Spec. 65. The position angle
has decreased 23-o in 80 years at a mean separation
of o"-92. The measures of distance indicate that

the separation is decreasing, but the position angles
which are not accordant do not support this.

8986. 2434. Spec. 65. P.M. -0^-0038,
o"-n8 (Boss). The wide pair is optical. The

relative motion of the close pair is represented by :

1830

1857

1884

1911

80-9

73'3

63-7

47-5

1-93

1-83

i-53
1-08

These positions give the hypothetical parallax as

follows :

Pi Pi P,

1830-1884

1857-1911

023

025
041

035

026

032

9O23. 2451. The relative motion is shown

by:-

1830

1910

58-4

70-4

2-61

2-03

These positions give p1="-oij, p3="-o2$.

9O35. 22453. The relative motion is pro-

bably due to the proper motion of the brighter

component.

1830

1910

99-8

94-1

15-06

14-10

9O38. 22454. Spec. Ko. P.M. +08-0049,
o"-o3o (Greenwich, 1910). The position angle

has increased 49-7 in 80 years at a mean separation
of o"-84. pl

="-oi6.

9O54. 22478. Spec. Ko. The position angle
has increased 8-8 in 80 years at i"-2i. ^="007.

9O43. 22455. Spec. Fo. The observations

are usually considered as indicating that this is an

optical pair. However, two stars of magnitude
7-2 and 8-3 are not to be expected so close to each
other. Moreover, the relative motion of the two
stars does not quite correspond to the proper motion
of the brighter. It is quite possible that this is a

binary system as indicated by :

1830

1845
1860

1875

1893

1911

142-3

132-1

119-9

105-8

87-3

70-0

4-50

4-04

3-70

3-46

3-43

3-61

It will be seen that both the position angle and

separation here given for 1830 are smaller than those

given by Struve. If the motion is really due to

difference of proper motions the separation would be
nearer that given by Struve, but the position angle
would be still more different from Struve's observa-

tion. Accurate measures of this double star at

the present time will soon settle the question. A

parallax determination of this pair would also be

useful. If this is a binary the period will be at least

1000 years. The hypothetical parallax deduced
from the above positions is as follows :

1830-1860

1845-1875

1857-1893
1875-1911

Pi

"088

090
090
090

Pi

'053

071

053

065

096
095

092

092

22466. Spec.9O56. 22466. Spec. Ao. P.M. +08-0003,
+o"-oo2 (Greenwich, 1910). The position angle

appears to have decreased 4-o in 80 years at 2"- 39.

Pi="-o9-

9O63. Ho. 442. The Greenwich measures of

distance do not agree with previous measures.

9114. Secchi 2. Spec. 65. P.M.-os-o2io,

o"-iO3 (Porter). The comparison of the close

pair BC is with Russell's orbit (Publ. Lick. 06s.,

xii. 138) :

Observed. n. Obs. Comp.

1914-10 104-0 0-35 6 +5-3 -17

In the elements given by Russell u> is given as o

and not i8o,as was used in computing the ephemeris.
This corresponds to interchanging the components.
The wide pair A, BC constitutes 22481. Burnham

appears to consider this as an optical combination,
as he ascribes the observed motion to difference of

proper motions. There can be little doubt that it

is a real binary. The separation has been slowly

increasing since Struve's time, and probably was
much smaller at the time of Herschel's observation

in 1783. The following positions indicate the

motion :

1830
1860

1890

191 1

1920

1830-1890
1860-1920

235-6
228-8

222-5
218-2

(216-4)

Pi

'038
038

3-83

4-01

4-1 1

4-iS

(4-15)

052
050

Pi

040
038

The hypothetical parallax of the system BC from
Russell's element is "-021. Abs. Trig. Par., "-023 (2).

Spec. Par., "-026 for BC (Spec. Ko) and "-029 for A
(Spec. GS).

91 24. 22482. Spec. Fo. The position angle
has decreased 6-8 in 80 years at 2"-O3. ^="-010.

9155. 22488. Spec. 65. P.M. -08-006,
o"-o6 (Porter). The position angle has increased

n-9 in 80 years at i"-52. pi="-on.

91 72. Ho. 447. The Greenwich measures of

distance do not agree with previous measures.

9173. 22491. Spec. A2. P.M.+o s-ooo6,

+o"-034 (Greenwich, 1910). The position angle has

increased i2-4 in 80 years at i"-i3. ^="-009.
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9279. 22513. Spec. F8. The position angle
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9686. (3979. The position angle appears to
have decreased about 8 in 30 years at 2"- 16. p^=
"024.

971 2. 22596. Spec. F& The position angle
has decreased 28- 8 in 80 years at a mean separation
of z"-oj. It is possible that the separation has

slightly decreased and the motion in angle increased.

^="028.

971 9. 22597.
shown by :

1827

1907

Spec. F2. The motion is

92-1

87-8

1-92

1-15

These positions give p3="-ozi.

9724. 02532.
(3 Aquilse. Spec. Ko. P.M.

+08-0023, -o"-483 (Boss). There appears to be a
rather uncertain increase in the position angle of

5-6 in 50 years at a separation of 12"- 17. This
motion gives ^="-075. Abs. Trig. Par., "-076 (3).

Spec. Par., "-100.

9739. Ho. 581. Comparison with Van Bies-

broeck's orbit, A.J. 741 :

1911-78

Observed.

I22-I 0-28

Obs. Comp,

+0-6 +'17

9782. 02392. Spec. A.2. P.M.-os-oooi,
o"-oi5 (Boss). The position angle has decreased,

but the amount is rather uncertain about 21 in
60 years at o">37. Pi=-"-oo$.

9783. 22606. Spec. AS. The position angle
has increased 5-5 in 80 years at i"-2o. pl="-oo^.

9833. 02395. 16 Vulpeculse. Spec. Fo.

P.M.+o s
-oo59, +o"-o59 (Boss). The position angle

is increasing slowly and the separation increasing,
as shown in the following positions, of which the
first is rather uncertain :

1842
1866

1890

1914

1842-1890
1866-1914

71-0

87-3

97-9

105-4

Pi

oio
OIO

0-45

0-565

0-69

0-79

012
012

9834. 22615. The change is probably due
to difference in the proper motions.

9921 . 22627. Spec. A$. The position angle
appears to have increased 5 in 80 years at i"-96.

^="008.

9926. 22628. Spec. FS. The position angle
has decreased 4-! in 80 years at a mean separation
of 4"- 3 3. The separation may be slowly decreasing.
Pi="-oi6.

NOTES ON DOUBLE STARS.

9944. 22642. Spec. Go. P.M. +08-0308,
+o"-i5o (Porter). The position angle has increased

9-4 in 80 years at 2"-24. ^="-014.

9979. 02400. Spec. 65. Comparison with
Burnham's orbit (M.N.R.A.S., vol. Iviii. 87) :

I9I3-9

Observed.

345-4 o-*3

Obs. Comp.

-3S -'22

The hypothetical parallax of Burnham's orbit is

"020. Abs. Trig. Par., "-049 (i). Spec. Par., "-030.

9994. 22652. Spec. Ao. The position angle
has decreased 26- 7 in 80 years at a separation of

"'33- ^="-004.

1O.O17. 22653. Spec. Ao. The position
angle has increased io-i in 80 years at 2"-4.7

^="016.

1O.O72. (3984. Spec. F8. P.M.-os-ooi9,
-o"-07i (Greenwich, 1910). The position angle has
increased n-7 in 35 years at a mean separation of
" "

1O,1 47. 22672. Spec. F8. The position
angle has increased 22-! in 80 years at o"-93.
^="011.

10,160. 22673. Spec. F2 . The position
angle has decreased 5-8 in 80 years at z"-6o.

^="012.

1 O,21 3. A22. Spec. 65. The position angle
appears to have increased 5 in 35 years at 2"-76.

^="020.

10,220. Ho. 130. The measures appear to
show a rapid increase in the separation.

1O.275. 22688. The separation has in-

creased from 5"-56 in 1830 to 6"-64 in 1905.

10,281. Dawes 1. Spec. Ao. P.M.-os-ooi5,
o"-oo6 for the close pair ;

o s
-oooo, +o"-oo4 for the

brighter and following star of 22690 (Boss). The
position angle of the close pair has increased 8-7 in
60 years at o"-5o. ^="-004.

1O,31O. (3670. The position angle has de-
creased 2i-4 in 40 years at o"-56. ^='-010.

10,314. 22696. The separation may be
decreasing.

2 B
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1O,363. 151. p Delphini. Spec. FS. P.M.



NOTES ON DOUBLE STARS SHOWING RELATIVE MOTION. 195

1O.6O7. (3367. Spec. G5. P.M. +08-0087,



196 NOTES ON DOUBLE STARS SHOWING RELATIVE MOTION.

Observed.
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From these positions we derive the following results :



198 NOTES ON DOUBLE STARS SHOWING RELATIVE MOTION.

in good agreement, but the following positions may be
taken as representing the motion :

1880 33-0 1-27

1896 39-5 i-io

1912 48-7 0-90

These give ^="-018, p3="-oz$.

1 1 ,49O. 22862. Spec. Go. The position

angle may have decreased 3-4 in 80 years at a

separation of 2"- 36. p1="-ooS.

angl

11,556. 02464. Spec. Az. The position
has increased 2i-6 in 65 years at o"-6i.
utfi

11,592. 2877. P.M.-os-oc^, -o"-o88

(Boss). This is merely an optical pair.

1 1 ,59O. 22878. Spec. Ao. The position

angle has decreased 8-7 in 80 years at i"-34.

jj1= "-oo8.

11,599. 22881. Spec. FS. P.M.+o8-oo38,

o"-O48 (Greenwich, 1910). The position angle
has decreased !3-o in 80 years at i"-6i. ^="-013.

11,650. P1216. Spec. FS. P.M. +08-0069,
+o"-O24 (Greenwich, 1910). The position angle has

decreased 13-! in 20 years at o"-$6. pj=*-on.

11,657. 22895. Spec. Ko. P.M.-os-ooo7,

o'-oog (Greenwich, 1910). An analysis of the

observations shows that they can be explained by
difference in proper motions, B having a motion
relative to A of "-061 annually in the direction

6z-6. Later observations indicate the position for

1830 as 7-3, 4"-$3, against 6-i, 4"- 8 5 observed by
Struve. The motion in future is represented by :

1920

1935

37-9

40-2

8-90

975

1 1 ,687. Ho. 182. The position angle appears
to have decreased 5-7 in 20 years at i"-52. p1="-oij.

1 1 ,69O. 22900. 33 Pegasi. Spec. FS. P.M.

+08-0239, o"-oi9 (Boss). The position angle has

remained nearly constant, while the separation has

decreased as shown by 1830, 2"-66 ; 1871, 2"-is ;

1912, i"-27. This pair should be carefully observed

at the present time. ^="-034. Abs. Trig. Par.,

'060 (i). Spec. Par., "-040.

11,691. (3172. 51 Aquarii. Spec. Ao. P.M.

+08-0017, o"-ooo (Boss). The position angle has

decreased 3i-6 in 40 years at o"-63- p1="-oi^.

11,712.
pair.

Ho. 616. This is probably an optical

11,715. Sh. 345. 53 Aquarii. Spec. Go.

P.M.+o s
-oi57, +o"-oo4 for A, +08-0180, o"-oo6

for B (Boss). The observations of this pair show
no appreciable departure from uniform rectilinear

motion. It is, however, difficult to believe that these
two stars of magnitudes 6-0, 6-5, with observed

separations of 10" to 6"- 5 and with proper motions of

over o"-2 annually, are not physically connected.
The relative motion from the micrometer obser-

vations is "-042 in i09-7. This motion will bring
the stars

,
within z" in about 1 30 years. The

observations may be summarised :

1827

1854
1881

1908

302-6

304-2

306-3

309-0

9-82

8-73

7-64

6-55

If we assume that the motion is orbital, we deduce

Pi="-O40, j>3="-o94. This pair should be observed
for parallax. Spec. Par., "-038.

1 1 ,732. [3291. Spec, F8. There has been a

change in the position angle of n-j in 30 years at

o"-4o. The separation may be increasing. p1="-oo6.

11,736. [3701. Spec. Ko. P.M.+o"-oi2o,
+o"-oo9 (Porter). The position angle has decreased

i7-5 in 30 years at i"-25- ^="-023.

1 1 ,741 . 22910. Spec. Ko. The position

angle has decreased 8-8 in 80 years at 5"- 36.

1 1 ,743. 22909. Aquarii. Spec. 2. P.M.

+08-0138, +o"-045 for A and +o s
-ous, +o"-oi6

for B (Boss). The motion of this well-known binary
is shown by the following positions :

1781
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11,763. 2912. syPegasi. Spec.Fs. P.M.

o s
-oo2i, o"-i38 (Boss). This is a binary, with

the 'plane of the orbit at a very high inclination.

Lewis, with no apparent justification, except the

observation of Burnham in 1 890, when the separation
was given as o"- 1, altered the quadrant of all observa-

tions after 1862. Burnham admits that his angle
should be altered 180. Both Burnham and Aitken

consider that the observations may cover the

maximum separation in the second quadrant.

When, however, the distances are plotted against
the time, they are seen to be rather discordant, and

the maximum separation may have taken place

considerably before 1830. On the other hand, the

remarkable accuracy of Aitken's measures show

quite definitely a maximum separation of o""}6 in

the fourth quadrant in 1905. The following positions

show the nature of the motion, but the small

difference in the angle in the two parts of the orbit

which have been observed have little significance :

1-20

0-97
0-68

o-37
O-IO

0-28

0-36

0-30

These give for the interval 1830-1875, p3="-o26.

Spec. Par., "-on.

1 1 ,895. Ho. 296. Spec. 64. P-M.+o^-oiSs,

+o"-i34 (Boss). The position angle appears to be

decreasing fairly rapidly. The brightness of the com-

ponents and the large proper motion also indicate

that this pair may have a large parallax. Spec. Par.,

"038.

1 1 ,9O8. 22934. Spec. Go. This pair should

be regularly observed, as the separation is now

rapidly decreasing. The observations may be re-

presented as follows, but the position for 1911

may not be so accurate as the others :

1830
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12,104. Hn. 56. Spec. 5. The position
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12,563. 23041. Spec. G. P.M.+o"-oo66,

o"-055 (Bossert). The position angle of the

pair BC has decreased 4-o in 80 years at 3"-28.

Pj="-O12.

1 2,6O1 . 23042. The separation appears to

have increased from "-22 in 1830 to 4"'94 in 1910.

12,675. 23050. Spec. F8. P.M.-
o"-o8i (Boss). This appears to be a real binary,

showing curvature of the path.

1830
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THE notation used in the description of the following orbits is :

T=time of periastron.

P= period in years.

n= 36o/P=annual mean motion. This has been considered positive when the motion is in the direction

of increasing position angles, negative in the opposite direction.

o=semi-major axis of the true orbit, expressed in seconds of arc.

e= eccentricity.

=inclina,tion of the orbit plane to the tangent plane of the sphere. Positive and negative values of

i are indistinguishable.

iJ= position angle of the line of intersection of the orbit plane and tangent plane. O is always taken as

less than 180.

w=angle between the line of nodes and the periastron measured from the line of nodes in the direction

which projects to increasing position angles.
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482. S73. B.D. 22, 146.

R.A. o 50" 56'. Mags. 6-2, 6-8 P.M. o*-i42 in io3-4 (Boss).
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1144. 2228.

R.A. zh om 139. Mags. 6-7, 7-6.

Dec. +47 8'. Spec. Fo.

The following orbit has been computed from

observations extending from Struve in 1831 to

Aitken in 1912. In that interval about 200 of

position angle were described. The early observa-

tions are not very numerous, but they appear to

cover the period of maximum separation. When
the companion has distinctly passed the second

position of maximum separation about the present

time it will be possible to give a much more reliable

orbit. The periods of 88 and 123 years given by
Gore and Doberch are probably both too short.

Kabe obtained a period of 205 years, considerably

in excess of that given here. The uncertainty in

the period is probably of the order of 30 years.

The orbit satisfies the observed angles very well, but

not the observed separation. This is at no time a

very difficult pair with large refractors ;
the minimum

B.D. 46, 536.

P.M. o"-ii2 in 225-3 (Greenwich).

Abs. Trig. Par. "-075 (Sproul). Spec. Par. '-025.

Apparent Orbit of 2 228.

Observed. Obs. Comp.

parati



1761.

R.A. 3" 29"! 59". Mags. 6-6, 6-j.

Dec. +24 13'. Spec. Aa.

This star is 7 Tauri. The orbit has been deduced

by Zwiers' method from observations beginning

with Struve in 1828 and ending with the Greenwich

observations in 1913. In that interval about 140

were described, while the separation steadily de-

creased from o"-6 to o"-2. The resulting orbit

practically satisfies an observation made by Leaven-

worth in 1919 and one at Greenwich in 1921, when

a further 35 had been described. This pair deserves

careful attention, as the angular motion should be

about 5 annually for the next 15 years with a nearly

constant separation of about o"-2. As the early

observations do not cover the time of maximum

separation, there must be considerable uncertainty

in the period, probably 50 years at least. Aitken

has given (Publ. A.S.P., xxxii. 216) an orbit with

a period of 270 years, as compared with 217 years

given below, while the semi-major axis of 0*^49 is

correspondingly larger. The elements can only be

considered provisional.

ORBITS OF 25 DOUBLE STARS.

S 412. B.D. 23, 473.

P.M. o*-o32 in i46-6 (Boss).

207

I9-37
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2O93. OS 77. B-D. 3 i, 737-

R.A. 4
h nm 9

s
- Mags. 7-5, 7-5. P.M. o'-o



ORBITS OF 25 DOUBLE STABS. 209

2383. 552. B.D. 13, 728.

R.A. 4" 47
m

35
s

. Mags. 7-0, 10-0.
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4355. OS 185.

R.A. 7
h

53 26s. Mags. 6-8, 7-0.

Dec. +1 20'. Spec. F8.

The following is a short history of this pair :

It was measured by both Otto Struve and Maedler
between 1843 and 1850. The separation was under

o"-5, and for a mean epoch of 1845-27 the position

angle was 23-6. Secchi in 1855 gave the position

angle as 265-o with the note "apparently separated."
Otto Struve suspected an elongation at 198 in 1861

and at 240 in 1869. But in 1870 and 1873 it

appeared to him to be single. It had also appeared
single to Dembowski in 1866, but he had only a

7-inch telescope. Schiaparelli failed to separate it

in 1877, 1879, 1882, 1883, and on 5 nights in 1887,

although he used the 1 8-inch telescope at Milan in

the latter year. Engelmann, using only a 7-inch

telescope, measured it on 5 nights in 1883. Reliable

observations commenced with Burnham in 1890,
and since that time a very consistent series of

measures have been made. When the position

angles are plotted against the time the points lie

very near to a smooth curve from which the following

positions have been read off :

B.D. i, 1959.

P.M. o"-i78 in 269 -o (Porter).

1891-0

1896-5

1902-0

6-0

15-3

21-3

1907-5

1913-0

26-3

33-6

It thus seems clear that there is a fairly rapid
direct motion. The angular motion was a minimum
about 1905, indicating a maximum separation at that

time. The maximum separation did not exceed o"^.
Now the position angle corresponding to the

maximum separation of 1905 agrees almost exactly
with the position angle observed by Otto Struve and
Maedler. The only difficulty in the interpretation
of the observations is due to the approximate
equality of the two components. It is just possible,

though very unlikely, that only 180 of the orbit

were described in the 60 years to 1905. The orbit

given below is based on the assumption that the

period is about 60 years and that the elongations
observed by Otto Struve in 1861 and 1869 are

substantially correct. The observation by Secchi

in 1855 and those by Engelmann in 1883 are not

satisfied. A single queried observation of Schia-

parelli in 1887 is satisfied to 20 if the position angle
is altered 180.

It must be admitted that the orbit given below

may be considerably in error as a result of all reliable

observations lying within 30 of position angle. It

is probable, however, that the period is near that

given, and the inclination must be large. An orbit

could be obtained giving a better fit with the observa-

tions utilised, but this appears to be unnecessary
on account of the uncertainties in the observations.

For example, an increase in the period of half a year
would give a much better fit for the observations

of 1861 and 1869 without altering the ephemeris
at the times of other observations by more than a

fraction of a degree. Observations made at the

present time with a powerful refractor will be very
useful, as the companion is now in a part of the orbit

for which there are no observations. If the hypo-
thesis on which the present orbit is based is correct,

observations during the next ten years will serve

for the determination of an accurate set of elements.

The orbit has been computed by Zwiers' method :

T 1861-16

P 59-6 years
n +6-04

a 0-350
e 0-611

* 74-6

O 35-2
CD 114-9

Ephemeris.

1890

1895

1900

1905

1910

1915

1920

1921

1922

3-4

12-5

19-0

24-3

29-7

37'4

131-1

192-7

207-1

0-26l
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5223. OS 208. B.D. 54, 1331.

B.A. 9
h
47
m i

s
. Mags. 5-0, 5-6.
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61 58. Z 1639.

R.A. i2h 2om 40
s

. Mags. 6-7, 7-9
Dec. +26 o'. Spec. AS.

This binary was investigated by Lewis (M.N.,
Ixii. 209), who found a period of 180 years, and

recently by Russell (Publ. Amer. Astr. Soc., in. 328,
or Pop. Ast., xxv. 668), who found a period of 690
years. This is one of the binaries for which the

observations extend some distance round both sides

of the periastron, but for which there is little indica-

tion of what the maximum separation and the period

may be. It is certain that the period is much longer
than that found by Lewis, and, in fact, a parabolic
orbit might be found to fit the observations with con-
siderable accuracy.
When first observed by Struve in 1828, the separa

tion was over i". Thereafter the position angle de-

creased slowly while the separation steadily decreased
till in the eighties the components were too close for

observation. When the pair was again observed in

1895 the position angle had changed about 220 from
the position in which the companion was last seen.

The separation has been steadily increasing and the

position angle decreasing since. About 310 of the

apparent orbit were described in the 90 years covered

by the observations, but it will take several centuries

for the completion of the remaining 50.
The orbit was investigated as follows : The

observed angles and distances were plotted against
the time and smooth curves drawn to represent the

observations as well as possible The results obtained

from these curves, together with the value of rr'dd

for lo-year intervals, are given below :

6 r rr'dd , 9 r rr'dd

B.D. 26, 2 34S .

P.M. 0-022 in I2o'3 (Greenwich, 1910).
Par. Abs. Trig. "-022 (Sproul). Spec. "-013

From the comparison given below, it will be seen

that there is a discordance of 50 from the 8 observa-
tions of Schiaparelli in 1887. The orbit may be con-

siderably in error at that date, but no orbit could be
made to fit the observations of 1880, 1884, and 1887.
The present orbit differs widely from Russell's orbit ;

the difference is probably due to the weights given
to the different observations at the critical period.
As the change in position angle is now small it is only
necessary to observe this pair at long intervals of

time, but an accurate measurement of the separation
at the present time would serve as a check on the

orbit.

Apparent Orbit of S 1639.
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6566. S 1768.

E.A. 13" 34
m 8s. Mags. 5-7, 7-6

Dec. +36 40'. Spec. Fo.

Doberck in 1880 obtained for this binary a period

of 119 years, but in a new determination in 1910 he

increased the period to 553 years. The orbits com-

puted by See and Lewis have periods of 184 and 220

years respectively. There must for long be con-

siderable uncertainty in the period, for although

315 of position angle have been described since the

time of Struve, the apparent orbit is very eccentric

and the maximum elongation has yet to be observed.

The separation steadily decreased from i"-2 in 1830

to o"-3 in 1858. From the latter date till 1872 the

star appeared single in the Pulkowa refractor. The

computed separation for 1876, when the star was

again reobserved as double, is o"-6, and it is now

greater than it was in 1830. The eccentricity of the

orbit is large and as given below should be fairly

accurate. Although the period is still very un-

certain, the other elements should not be seriously

in error. The apparent orbit has been deduced from

the following positions :

1832

1856

1876

1904

76-4

38-0

283-1

162-1

129-6

The resulting elements are :

T 1860-26

P 220-4 years

n 1-6335

a 1-205

e 0-8562

1-190

Q-347

0-133

0-618

1-141

i 47-4

Si 52-8

o> 241-4

1830

1835

1840

1845

1850

1855

1860

1865

1870

1875

1880

1885

1890

1900

1910

1920

1930

1940

1950

20OO

Epheraeris.

775

74-5

70-8

66-0

58-7

44-1

297-3

200-5

178-1

163-9

154-2

147-0

W3
132-7

126-4

121-4

117-1

II3-4

IIO-I

88-9

1-228

1-123

I-OOO

0-851

0-664

0-413

0-125

0-337

0-482

0-601

0-709

0-808

0-903

1-062

1-218

1-343

1-450

1-539

1-612

1-713

B.D. 37, 2433.

P.M. "-104 in 277-7 (Boss).

Apparent Orbit of S 1768.

I!

i
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6999. 2 1879. B.D. 10, 2739.



216 * ORBITS OF 25 DOUBLE STARS.

7001.

R.A. 14" 42
m

40
s

Dec. +42 41'.

02285.

Mags. 7-1, 7-6.

Spec. FS.

This double star has described the greater part of a

revolution since 1843, when it was first measured.

The observations of Maedler and Otto Struve cover

the period 1843 to 1855, when the separation was

just under half a second. The corrections to his

observations found by Otto Struve have been applied,

and this makes the early observations in fair agree-
ment. Between 1855 and 1885 the observations

were rather few and uncertain, but single observa-

tions were secured in 1865 by Dembowski and in

1876 by Burnham, and these have been utilised in

drawing the apparent orbit. No attempt was made
to satisfy the observations of Engelmann in 1883,

but the mean of his six angles is satisfied to 16. As

this is about the motion in i year at that epoch and

as the separate measures show a range of 40, the

agreement is considered to be sufficiently close. All

the observations after 1883 are well represented.

The arc covered by the observations from 1843 to

1917 is nearly 340, so that the elements must be

fairly accurate. The uncertainty is mostly due to

personality in the observations, for at the time of the

early observations the motion in angle was only i'4
a year while the correction applied to Otto Struve's

observations is about 9. The orbit has been

obtained by Zwiers' method, the areas being adjusted

by a planimeter. Orbits of this pair have been com-

puted in the past by Burnham, Gore, See, and Van

Biesbroeck, who obtained periods oi 62-1, 118-57,

76-67, 97-93 years respectively.

T 1882-64

P 88-5 years

n 4-o67

a 0-33

e 0-553

i 25-6

ft 4i-7

a> 222-3

Ephemeris.

1840
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7259. 2 1938.
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7642. S 2052. B.D. 18, 3182.
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7649. S 2055.
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7748. A 15.
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7936. OS 327.

R.A. i7
h 1 2m 438. Mags. 7-6, 7-9.

Dec. +56 13'.

The orbit of this binary appears to be similar to

that of p.G.C. 4355=OS 185. Modern observations

with large refractors show a definite increase in the

position angle and in the separation, as is indicated

by the positions :

1891
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838O. S 2281.
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9319. S 2525. B.D. 27, 3391.
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96O5. S 2579. B.D. 44, 3234.
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965O. 02 387.
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10,559.
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12,290. (380
R.A. 23'! 151" T.S. Mags. 8-2, 9-1.
Dec. +5 o'. Spec. G8.

The latest measures of this pair show an angular

motion of 300 since the time of discovery. How-

ever, the apastron is not well defined by the early

measures. If the early angles were correct the

maximum separation would have taken place about

1885, but the measured distances show that the

maximum separation took place earlier, probably
'

about the time of discovery in 1875. There are

orbits of this binary by See and Aitken, who give

periods of 63-5 and 95-2 years. The following

elements satisfy the observations pretty well from

1875 to 1919. The orbit was deduced by Zwiers'

method.

T 1904-69

P 85-7 years

n +4-2oi

a 0-79 i 43-0

e 0-773 Q 174-1

cu 288-9

Ephemeris.

1875
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1 2,696. Holden

E.A. 23!' 57
m

338. Mags. 8-5, 8-9.

Dec. +39 12'.

The orbit of this binary was investigated by Fox

(Pop. Ast., 17, 17), who used the observations to

1909. This was considered to be a more or less

uncertain approximation, and in the Annals of the

Dearborn Observatory, 1, 43, Fox states that it is

now (1914) evident that the period will be much

longer than the forty years originally found, and

that it may well be two or three times as great.

The following orbit has been computed with the

help of Fox's observations to 1914. The period

agrees well with that originally found by Fox, but

the other elements do not agree very well. It

appears to be impossible to fit satisfactorily both

of the single observations of 1893 and 1902. The

uncertainty in the elements is largely due to the

lack of observations between these dates. The

orbit given does not fit the final observations so well

as is desirable, and the period may be somewhat

longer than forty years, although it should not

exceed fifty years.

The following elements have been obtained by

Zwiers' method :

T 1915-42 a 0-50 i 69-7

P 40-76 e 0-35 O 119-1

8-83 a) 114-2

Ephemeris.
//

1920-0 !34'2 0-332

1922-0 124-7 0-448

1924-0 118-6 0-518

1926-0 113-6 0-547

1928-0 108-9 'S44

1930-0 103-7 0-518
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